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An advance in surgual silk 


NEW IMPROVED 


ANACAP*® 


SURGICAL SILK 


Greater tensile strength — Improved Anacap Surgical Silk permits 
use of small diameters in all situations requiring silk. Tensilgrams show 
the difference between new Anacap and ordinary surgical silks. 
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An ordinary surgical silk meeting mini Improved Anacap Surgical Silk, size 00, 
mal U.S.P. requirements, size 00, has greater tensile strength, is much 
breaks relatively easily when subjected more resistant to breaking. 

to mechanical pull. 


Can be sterilized repeatedly ~ In laboratory tests after 47 separate 


boilings, each of 30 minutes, size 4-0 Anacap Surgical Silk loses less than 


©.2 pound tensile strength yet maintains absolute non-capillarity. 


Flexible. not limp 


New Anacap Surgical Silk handles as smoothly 
as fine flexible surgical gut. Never limp, it enhances surgical technic 


speeds operatiy e procedure. 


Economical Anacap Surgical Silk can be resterilized twice as often as 
many other silks. 


Tro ar a 
In sizes 6-0 to 5 on spools of 25 and 100 1 YAV IS & G E C K 9 I NC ” 


yards; sterile in tubes with and without ® 
D & G Atraumatic® needles attached. 57 Willoughby Street Brooklyn 1, N.Y. 











ec D disinfection of instruments is rapid, con- 
venient and effective with METAPHEN Disin- 


fecting Solution. In the absence of blood or 
exudate, common nonsporulating pathogenic 
bacteria (except tubercle bacilli) are killed in 


ten minutes, 


MetaPuen Disinfecting Solution does not pro- 


duce heat, fumes or offensive odors, does not 
injure temper, finish or cutting edges of instru- 
ments, and does not irritate skin or tissue. It is 
stable and nonvolatile and leaves instruments 
ready for instant use. Tests made under office 
conditions showed that its potency was not di- 
minished even after one month of continuous use. 

Try cold disinfection now with time-saving 


MerapPuen Disinfecting Solution. It’s available 


through your usual source of sup- 
ply in l-quart and l-g rallon bottles Ue bet 
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resistant to other urinary antiseptics 
TREATED witli TERRAMYCIN? 


D. S., male, age 74. 
B. pyocyaneus. Persisted after 


stprostatectom) ; 
acid therapy: 


History: Cystitis; p 
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PARENTERAL NUTRITION IN SURGERY 


Significance of Calories and Protein in Maintaining a Positive Nitrogen Balance 


CARL O. RICE, M.D., Ph.D. 
Associate Clinical Professor, University of Minnesota Department of Surgery 
BURTON ORR, M.D. 
Surgical Resident at St. Barnabas Hospital 
ALAN E. TRELOAR, Ph.D. 
Head of the Department of Biostatistics, University of Minnesota 
AND 
J. H. STRICKLER, M.D. 
MINNEAPOLIS 


[ SEEMS that no one should question the value of nutrition in the 

surgical patient. Numerous investigators have proved its impor- 
tance in the preoperative preparation of the patient who is a poor 
surgical risk and have stressed its significance during postoperative 
convalescence. The difficulties of providing adequate nutrition in the 
surgical patient have been incident to the patient’s inability to retain 
food through the oral route or to the problem of providing nutrition 
by the intravenous route without at the same time causing other 
undesirable sequelae. 

Within the past few years dextrose and amino acids have been shown 
to be of benefit in providing part of this nutritional deficiency. Many ? 
have, however, indicated that if the full caloric requirement could also 
be met through the parenteral route, the problem of nutrition in the 
postoperative surgical patient would be nearer solution. The studies of 
[his study was supported in part by a grant from the Baxter Laboratories, 
Morton Grove, III 

1. Gardner, C. E., Jr., and Trent, J. C.: Intravenous Amino Acid Adminis- 
tration in Surgical Patients Using an Enzymatic Casein Digest, Surg., Gynec. & 
Obst., 75:657-660, 1942. Madden, S. C., and Whipple, G. H.: Plasma Proteins 
Their Source, Production and Utilization, Physiol. Rev. 20:194-217, 1940 

2. Bassett, S. H.; Woods, R. R.; Shull, F. W., and Madden, S. C.: 


Parenterally Administered Amino Acids as a Source of Protein in Man, New 
England J. Med. 230:106-108, 1944. Butler, A. M., and Talbot, N. B.: Parenteral 
Fluid Therapy; Estimation and Provision of Daily Maintenance Requirements, 
ibid. 231:585-590, 1944. Ravdin, I. S Hypoproteinemia and Its Relation to 


Surgical Problems, Ann. Surg. 112:576-583, 1940 
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some * have illustrated that a positive nitrogen balance can be obtained 
with the use of dextrose and amino acids. This they have been able to 
do despite the fact that adequate calories have not been provided. These 
workers maintain that the additional calories are not significant in that 
the body will consume calories from its own fat to provide those that 
are missing. Others * have endeavored to provide the missing calories 
by using 10 or 15 per cent dextrose in conjunction with amino acids. 
The work of Ellison and others,** indicating that the utilization of 
protein is related to the caloric intake, is substantiated by the statistical 
findings which we have been accumulating in the past few years, as 


detailed in this study. Though it is possible to administer hypertonic 


solutions, the difficulties and sequelae encountered with this practice 
make it unlikely that such a procedure will become popular as a routine 
measure 

During illness or throughout postoperative convalescence, the patient 
requires an abundance of available nitrogen in order that damaged 
tissues will have a readily accessible source of nitrogen from which new 

ue can be synthesized. The normal adult who is not in need of an 
extra quantity of nitrogen maintains himself constantly in a state of 
essential nitrogen equilibrium. If he consumes an excessive amount of 
nitrogen, the unneeded excess is excreted and an equilibrium is thus 
ilways maintained. The growing person, who requires constantly more 
nitrogen for the building of new tissues, is in a state of positive nitrogen 
balance if his nutritional requirements are being fulfilled. The sick 
person, whose metabolic requirements are increased, is almost always 
in a state of negative nitrogen balance and is in need of a greater 
quantity of nitrogen. During illness it is therefore not only necessary 
to provide adequate nitrogen for equilibrium, but it is desirable to 
provide a surplus amount of nitrogen for the repletion of lost cells. In 
the patient who is in need of nitrogen a positive nitrogen balance will 
develop if adequate nutrition is provided. Nitrogenous food which is 
given intravenously is probably not economically utilized unless it is 
protected with extraneously provided dextrose and calories. 


3. (a) Elman, R.: Parenteral Fluids and Food in Gastro-Intestinal Diseases 
Bull. New York Academy Med. 20:220-236, 1944; (b) Parenteral Alimentation in 
Surgery with Special Reference to Proteins and Amino Acids, New York, Paul 
B. Hoeber, Inc., 1947, pp. 80-81. (¢) Kremen, A Problem of Parenteral Nitrogen 
Administration in Surgical Patients with Special Consideration of Preoperative 
Preparation and of Means of Effecting Favorable Nitrogen Balance, Surgery 
23:92-153, 1948: correction 23:681, 1948 

4. (a) Ellison, E. H.; McCleery, R. S.; Zollinger, R. M., and Case, C. T 
The Influence of Caloric Intake upon the Fate of Parenteral Nitrogen, Surgery 
26: 374-383, 1949. (b) Madden, S. C.; Bassett, S. H.; Remington, J. H.; Martin 
FF. J. C.; Woods, R. R. and Skull, F. W Amino Acids in Therapy of Disease 
Sure., Gynec. & Obst. 82:131-143, 1946. (c) Ravdin, I. § Changing Concepts 


Surgical Care, Judd Lecture, University of Minnesota, April 15, 1947 
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From the study of numerous nitrogen balance determinations in sick 
persons we ** have been led to the opinion that there must be come cor 
relation between the caloric requirements of the patient, the percentage 
of caloric intake from protein and the nitrogen balance. In some 
instances we have observed that a positive nitrogen balance could be 
obtained relatively easily, whereas in other instances, in essentially 
similar circumstances, a negative nitrogen balance developed. [ron 
day to dav it was not unusual to find a variation in the nitrogen 
balance of from 3 to 6 Gm. even though the nutritional intake was kept 
constant. This led to a more critical analysis of the metabolic require 


ments of each person from day to day. 


METHOD OF INVESTIGATION 


It was necessary to establish first the degree of caloric balance for 
each person from day to day. In accordance with our definition, calori¢ 
equilibrium is maintained when the required calories balance with the 
idministered calories. A variation of plus or minus 10 per cent from 
the metabolic requirements of the patient we considered, for the sake 
if this study, as representing an equilibrium (chart 4). 

Caloric RBalance-——The metabolic requirements include the basal 
calories, the calories needed for specific dynamic action, the calories 
required for activity and the caloric needs induced by fever. Thes¢ 
factors may alter the caloric requirements from day to day or even fron 
hour to hour. Certain diseases such as hyperthyroidism are known t 
alter the caloric requirements, but such diseases were not encountered 
in this study. Other diseases which are ordinarily not given credit for 
altering the caloric requirements may do so to a minor degree 

The basal calories were determined from the duBois charts on the 
basis of the height, weight, age and sex of the patient. A slide rule, 
calibrated on the basis of the duBois chart, can be used to determine 
the basal metabolic requirements in a few seconds. As a check, the 
basal metabolic requirement has been determined with the aid of the 
Jones metabolism apparatus. This has been found to check accurately 
enough with the calculated metabolism so that the former can be used 
for clinical purposes in determining the caloric requirements of the 


average person The average specific dynamic action induced by 


.; Orr, B., and Enquist, | Parenteral Nutrition in the Surgical 
Patient as Provided from Glucose, Amino Acids and Alcohol, Ann. Surg. 131:289 
306, 1950. Rice, C. O.; Strickler, J. H.; Orr, B. A., and Sanderson, D Parenteral 
Nutrition: Pre- and Postoperative Use of Glucose, Amino Acids and Alcehol (Pre 
liminary Study), Journal-Lancet 68:91-95, 1948. Rice, C. O Intravenous 
vy, with Special Consideration of Parenteral Nutrition, West. J. Surg 


p 
38-242, 1949 
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I 
57: 
5. The slide rule, designed for determining caloric requirements, was 


Eli Lilly & Company representative 
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the metabolism of food causes an increased caloric demand of about 
8 per cent of the basal calories. Approximately 30 per cent more is 
required for bed activity. In that the persons included in the study 
were bed patients in the hospital, their activity was considerably limited 
and without variation so that the caloric demands incident to activity 
would in all probability vary no greater than 10 per cent above or below 
the standard as established for each person. Eight per cent of the basal 
calories is required for each degree of rise in temperature. 


Tas_e 1.—Caloric Requirements 


i Day 3 Day 
Calorie Requirements Average Average 
Basal calorie requirement (caleulated). ated 1 1,390 
Specific dynamie action (8% of basal) 
Fever requirements (8% per degree) 
Activity requirement (30% of basal) 
Total calorie requirement 
Temperature (oral) 
Weight (lb.) 


Tasie 2.—Caloric Balance 


i Day 3 Day 
Calories Average Average 


Amino acids intravenously 400 


Dextrose intravenously 100 


Aleohol intravenously 
Total given 

Calories required 

Per cent given 

Calorie balance 

Protein calories, % of total 


With these variable factors in mind we have established the caloric 
requirements of the individual patient from day to day as shown in the 
case illustrated in table 1. 

The amount of calories which the patient received from parenteral 
feeding was determined. From the required and administered calories 
the extent of the positive or negative caloric balance was calculated as 
shown in table 2. 

Vitrogen Balance.—The nitrogen intake was determined from day 
to day. Nitrogen determinations were done on each 24 hour specimen 
of urine. Since no oral feedings were provided during the period of 
study, the nitrogen in the stool was not taken into consideration. A few 
minor exceptions occurred, and in those instances 0.5 Gm. of nitrogen 
was allowed for the stool. The nitrogen balance as determined in the 
patient under discussion is illustrated in table 3. 
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Daily nitrogen balance studies have been made on 28 patients on 
whom 298 separate urinary nitrogen determinations were made. The 
results of these studies were used to establish the statistical curves as 
illustrated in charts 1 to 5. All the patients were sick at the time of 
their admission into the hospital and were unable to consume by mouth 
an adequate amount of food because of their illness (table 4). The 
nature of their illness would indicate that these patients were probably 
in a state of negative nitrogen balance at the time of their admission 
It would be expected, therefore, that a positive nitrogen balance would 
develop if adequate food intake were provided. Each 24 hour urine 
specimen was collected from 7:00 a. m. and analyzed separately. 
Parenteral injection was started shortly after 7:00 a. m. and completed 
in most instances before midnight, thereby allowing sufficient time for 
the provided nutrients to be metabolized in the 24 hour period in which 
the urine was collected. 


Taste 3.—Nitrogen Balance 


i Day 
Average 


Urine nitrogen... 12.9 
Nitrogen intake es ‘ 13.0 
Nitrogen balance 


\ll these patients were fed parenterally as a routine procedure post- 
operatively, or they were fed parenterally in preparation for operation 
because they were unable to obtain adequate oral nutrition on account 
of their disease. The parenteral nutrition was provided from dextrose, 
amino acids and alcohol, using variable concentrations of these nutri 
tional elements in order to establish different nitrogen and caloric 
intakes. The extent of these variations was calculated. In most instances 
the patient was kept on one nutritional formula for a period of two to 
four days. From 60 to 75 ce. of absolute alcohol was added to each 
1,000 cc. bottle of commercially prepared dextrose and amino acids.* 
This solution was administered slowly over a period of four hours 
Vitamins B and C were given intravenously whenever parenteral feed 
ings were used 

The nitrogen intake in each 24 hour period was in no instance less 
than 0.18 Gm. per kilogram of body weight. This amount represents 
adequate nitrogen for maintenance of body function, as suggested by 


Best and Taylor, who have indicated that the average protein intake 


should represent approximately 1.1 Gm. per kilogram of body weight 


6. The amino acids were given in the form of amigen,® aminosol,® travamine® 


and parenamine.® 


PRI IT VME RIN 





TABLE 


4 


Data 
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on Twenty-Eight Patients on Whom Nitrogen Baiance 
Studies Were Made 


Weight 
Weight Days Change,* 
Diagnosis and Operation Lb Studied Lb 
Carcinoma of stomach, 3 140 6 1 
obstructed; inoperable 
Carcinoma of colon; reé 
section 
Duodenal ulcer, recurrent 
hemorrhage; gastric re 
section 
Carcinoma of sigmoid; 
resection 
Fibroid uterus; postopera 
tive obstruction and evis 
ceration 
Carcinoma of stomach; 
resection 
Carcinoma of 
resection 


colon; 


Subacute intestinal obstruc 
n; paraplegic, not 

operated on; terminal 

Intestinal obstruction ten 
days prior to operation 

Fibroid, large; bysterectomy 

Carcinoma of sigmoid; 
resection 

Carcinoma of sigmoid; 
resectior 

Carcinoma of sigmoid; 
obstructed; resection 

Hodgkin’s disease of retro 
peritoneal nodes; ex 
ploratory 

Carcinoma of cecum 

resection 


} 


Postappendical a 
ned 


Carcinoma of stomach 
resection 


resectior 
Acute append 
appendecton 


art 
resectior 
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per day. (1.1 Gm. X 16 per cent [nitrogen value of protein] 0.176 


Gm. of nitrogen.) The nitrogen balance was measured for each day 
The caloric balance was also determined for each day. When the caloric 


intake was maintained constant for a series of days, the caloric balance 
would also remain constant for this period except for variations caused 


by changes in the temperature of the patient 


TaBLe 5.—Data on Two Patients on Whom Nitrogen Balance Studies 
Were Made 


I Ill IV \ 
4 Day 2 Day Day Day 
\verage Average Average \verag 
Item 1 (Blood 
Hemoglobin, 
Hematocrit, 
White blood cell count 
Polymorphonuelear cells 
Blood urea nitrogen, me. per 
Blood protein, Gn 
Albumin 
Globulin 
Item 2 (Urine) 
Glucose 
Item 3 (Calories 
Blood (intrave 
Amino acids 
Dextrose 
\leohol 
Oral 
Total giver 
otal required 
Calorie balance 
Proteir 
Proteir calorie 
Nitrogen 
Urinary N 
N ntake 
x ’ 


Table 5 illustrates the findings o1 vo different 
tabulations are typical of the studies which were done 
on whom nitrogen balance d minations were made 
each period represents the average of a series of 

iloric, protein and carbohydrate intake was kept cot 

In patient C. J., identical quantities of amino acid 
were given in periods I and II. A positive nitrogen bal 

' 


period I, when additional alcohol calories wer 


ium developed in period I] 
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was in negative caloric balance, having received no alcohol. This would 
seem to indicate that the additional calories from alcohol were able to 
sérve in the economic utilization of nitrogen so that a positive nitrogen 
balance developed. This observation has been made in many: instances. 

In period III, in which the patient was in caloric equilibrium (—7 
per cent) on an oral diet, he was also in positive nitrogen balance despite 
the iact that his nitrogen intake was at a lower level. No additional 
advantage was obtained from the oral period over what was observed 
in period I on parenteral feeding with a similar caloric intake. 

Patient I. P. in period IV received dextrose, amino acids and 
alcohol. The nitrogen and caloric balance was positive. In period IV 
all the nitrogen was provided from amino acids, whereas in period V 
an essentially identical quantity of nitrogen was provided from blood 
and amino acids. The caloric balance was positive in both periods. The 
nitrogen balance was also positive in each period. No additional 
advantage in nitrogen balance was observed from the use of blood 
nitrogen as in period V. This fact, too, has also been observed in many 
other instances. 

Statistical Analysis.—Variations in nitrogen balance were observed 
in many instances and were almost always explainable on the basis of 
the nitrogen or caloric intake in relation to the metabolic requirements 
of the patient. Analysis of the 298 separate daily nitrogen balance 
studies revealed variations from time to time which could not be ade 
quately explained until the caloric balance was also taken into con 
sideration. This became more understandable when a constant nitrogen 
and caloric intake was maintained for several days, as the patient’s 
condition remained constant. A change in either the caloric or the 
nitrogen intake in relation to the caloric requirements caused a change 
in the nitrogen balance. It was also evident that when the patient was 
essentially in caloric equilibrium no difficulty was encountered in obtain- 
ing a positive nitrogen balance with an average amount of nitrogen 
intake. On the other hand, when the patient was in negative caloric 
balance, he was also in negative nitrogen balance unless the nitrogen 
intake greatly exceeded the average normal allowance. 

The findings suggested that a statistical analysis of three variable 
factors (caloric balance, nitrogen balance and percentage of protein 
calories) taken jointly might reveal significant correlations. The three 
dimensional association was defined in terms of two variable scatters 
for a series of short limited range for the third variable. It thus became 


clear that the three variables were all intercorrelated and apparently in 


the simple manner of straight line average relationships between nitrogen 
balance and each of the other two variables when the third one of them 
was held constant. The average nitrogen balance could then be predicted 





RICE ET AL—PARENTERAL NUTRITION IN SURGERY 985 


from caloric intake and proportion of calories as protein by the equation 
defining a plane. 

The statistical analysis proceeded in terms of calculating the partial 
correlations between nitrogen balance and each of the predictor variables 
and then deriving the prediction equation. The latter was found to be 
N = — 1.034 + 0.184 C + 0.206 P where N indicates nitrogen bal- 
ance in grams, C caloric intake (above or below caloric requirement) 
and P proportion of calories as protein. Charts 1 to 5 portray this 
three dimensional scatter and portions of the unified plane in five sec- 


tions. In chart 1 the range of caloric intake is from 70 to 50 per cent 


® Cd. 6, Caloric balance: — 55%, 4 day study 
© MO. 2, Coforic balance: — 54%, 4 day average 
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Fig. 1—This group of nitrogen balance studies were done on patients whose 
caloric intake was from 50 to 70 per cent below their caloric requirements. The 
solid dots indicate the nitrogen balance determinations on which the statistically 
drawn lines are based (black line). The circles represent studies done subsequently 
(C. J. and M. O.). In this range of caloric deficiency it would be necessary to 
provide better than 50 per cent of the calories from protein in order to maintain 
a nitrogen equilibrium consistently. 


below metabolic a The soiid dots show twenty observed 
daily values of the total of 298 which fall in this specified range of caloric 


intake. The two sloping lines are edges of the fitted plane for this 
range, the lower one for 70 per cent deficit and the upper one for 
50 per cent deficit. The upper sloping line of this chart is identical 
with the lower sloping line of chart 2 and so on through the five con- 
secutive charts. 


ASN Mee LENE ASAE BION EESTI 


posal 








eo 


20 


Proportion of calories as protein 


Range of caloric intake below metabolic requirements was — 30 to 50 

}. received intravenously 150 Gm. each of dextrose and amino 

in 3,000 cc. of fluid, representing a caloric balance of 40 per cent Hy 
arely in nitrogen equilibrium 





® MO.@, Coloric bolance, ~2\%o, 4 day averoge 


Fig. 3.—Range of caloric intake below metabolic requirements was 10 to 30 
per cent. Most sick patients, or those who have undergone an operation, fall 
within this range of caloric deficiency unless a deliberate effort is made to sup 
plement therr feedings. Routine hospital diets provide rarely more than 15 per cent 
of the protein requirement. It is evident that most patients would be in negative 
nitrogen balance, as could be illustrated by projecting a line upward to the curve 
trom the base line at 15 per cent (proportion of calories from protein). Example 
Presume caloric requirement to be 2,000 calories; administer 2,000 cc. of dextrose 


> per cent, amino acids 5 per cent, and alcohol 7.5 per cent, constituting 1,640 
calories; caloric balance would be 18 per cent, percentage of calories from 
protein 24 per cent, and anticipated nitrogen balance + 0 
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C.4 8, Caloric balance: —|0%, 4 day study 
DA. 2, Caloric balance 9%, 2 day study 
M.4.Q2 Coloric balance 2%, 6 doy study 


Fig. 4—Range of caloric intake above or below metabolic requirements was 


10 to 10 per cent. This represents the group of nitrogen balance determinations 
done on patients whose caloric intake was in equilibrium (+ 10 per cent to 10 per 
cent). From this it can be seen that it was not difficult to obtain a nitrogen equili 
brium on an average or relatively low nitrogen intake; see 15 to 25 per cent calories 
as protein. As described in the legend tor figure 3, 2,500 cc. of parenterally admin 
istered solution would provide caloric equilibrium and a positive nitrogen balance at 
24 per cent proportion of calories from proteim 





@ DA.Q, Caloric balance: +18% , 3 day study 
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Fig. 5.—Range of caloric intake above metabolic requirements was + 10 
to + 3 per cent. As the caloric intake increases, the nitrogen balances become more 
consistently positive. Nitrogen balance studies done subsequently (D. A.) fell 
within the anticipated range as indicated by the half open circles 
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As must be expected when individual variation and unavoidable 
approximations in analytical determinations are taken into account, the 
correlations are only approximate. Although the correlations are not 
high, they are clearly positive and the scatters for the five unified sections 
are in good accord with the average plane. For any specific range of 
caloric intake it is clear from these charts, as drawn, that an increase 
in the proportion of the calories from protein is accompanied with more 
favorable (positive) nitrogen balance. Likewise, for any chosen value 
of “proportion of calories as protein” and following this through charts 
1 to 5 consecutively, it will be seen that nitrogen balance improves as 
the total caloric intake is increased in relation to the metabolic require- 
ment. This surely is in accord with what might be expected on theoret- 
ical grounds on the basis that in one who is in need of nitrogen a positive 
nitrogen balance will develop if adequate nutrition is provided. 

The larger circles (with differentiating inserts to distinguish per- 
sons) represent data accumulated since the original observations were 
analyzed and are daily or average data for several days. In several 
instances (e. g., C. J. in chart 1) they show the scope of individual 
variation (— 5 to + 5 in nitrogen balances for C. J. in four days). In 
all cases these additions accord well with the prior series and serve as 
independent verification of the results therein secured. This grouping 
of the caloric balance into ranges of 20 per cent is only for convenience 
in graphing. From a clinical standpoint a variation of 20 per cent in the 
calories would be equivalent to approximately one glass of chocolate 
malted milk. It may therefore be regarded as a relatively small 
grouping. 

The dotted lines on the graph indicate an arbitrary projection of the 
plane which might be used to predict the nitrogen balance on other 
designated protein and caloric intakes beyond the range of the observed 
data. They serve to indicate the nitrogen equilibrium that would be 
expected with limited caloric intake and higher proportions of protein 


calories than we used. Since these go beyond. the range of our own 


experience, there is attendant uncertainty concerning the expectation 
so defined except as illustrated in chart 1 (C. J.). 


COMMENTS 


The sick person or the patient who has undergone an operation 
has difficulty in consuming an adequate quantity of food and is there- 
fore almost invariably deficient in caloric and protein nutrition. It 
then becomes evident that the fat and carbohydrate reserves will be 
called upon to supply the caloric requirements and the protein reserve 
will be drawn on to provide for the more urgent demand caused by 
the need for repair of damaged tissues, detoxification and immune 
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bodies.’ It seems possible that a subclinically undemonstrable drain on 
the protein reserves of the body contributes substantially to the feeling of 
lassitude and easy fatigue of the convalescent patient. This has been 


suggested 


by a number of investigators... After provision of the full 
nutritional and caloric requirements, a definite acceleration of con- 
valescence and a feeling of well-being have been observed in our patients 
after operation which were not evident prior to the advent of this 
pre cedure 

\dequate amino acids can be given parenterally to provide for the 
nitrogen requirements of the body, although amino acids cannot alone 
economically fulfil both the caloric and the nitrogen requirements. 
In order that the administered amino acids are economically utilized, 
it is necessary that another source of calories also be made available. 

Though it is possible to obtain a nitrogen equilibrium, or even a 
positive nitrogen balance, if sufficient amino acids are given, it is dif- 
ficult to obtain a strong positive nitrogen balance without at the same 
time providing adequate calories to the point of fulfilling the metabolic 
caloric requirement. Unless a strong positive nitrogen balance can be 
maintained, a small or no margin of nitrogen becomes available for 
healing processes. In that event the nitrogen stores of the body will 
be called on at the expense of other nitrogen-containing tissues. 

Our studies suggest that parenterally administered amino acids can 
provide the necessary nitrogen to produce a positive nitrogen balance 
if they are supplemented with adequate calories and that the nitrogen 


of blood or plasma substituted for amino acids or given in addition to 


7. Cannon, P. R.: Antibodies and the Protein Reserves, J. Immunol. 44:107 
114, 1942. Cannon, P. R.; Wissler, R. W., Woolridge, R. L., and Benditt, FE. P 
Relationship of Protein Deficiency to Surgical Infection, Ann. Surg. 120:514-525, 
1944. Cannon, P. R.; Chase, W. E., and Wissler, R. W.: The Relationship of 
Protein Reserve to Antibody Production, J. Immunol. 47:133-148, 1943. Sako, 
W.: Resistance to Infection as Affected by Variations in the Proportions of 
Protein, Fat and Carbohydrate in Diet: Experimental Study, J. Pediat. 20:475-483, 
1942. 

8. Mueller, A. J.; Fickas, A. D., and Cox, W. M., Jr Minimum Mainte- 
nance Requirements of Enzymatic Casein Hydrolysate, Bull. Johns Hopkins Hosp. 
72:110-115, 1943. Mulholland, J. M.; Co Tui, Wright, A. M., and Vinci, V. J. 
Nitrogen Metabolism, Caloric Intake and Weight Loss in Postoperative Con 
valescence, Ann. Surg. 117:512-534, 1943. Schoenheimer, R.; 


berg, D., and Heidelberger, M.: The Interaction of Antibody 


Rottner, S.; Ritten 
Protein with Dietary 
Nitrogen in Actively Immunized Animals, J. Biol. Chem. 144:545-554, 1942 
Thorn, G. W.; Quinby, J. T., and Clinton, M.: Comparison of Metabolic Effects 
of Isocaloric Meals of Varying Composition, with Special Reference to Prevention 
of Postprandial Hypoglycemic Symptoms, Ann. Int. Med. 18:913-919, 1943 
Youmans, J. B., and Patton, E. W.: Nutritional Deficiencies, Diagnosis and Treat 
ment, Philadelphia, J. B. Lippincott Company, 1941, p. 231. Elman.%> 
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them provides no additional advantage in this respect. It is not intended 
to suggest, however, that blood or plasma does not provide other 
advantages. 

It is not always possible to determine from laboratory methods, or 
from clinical examination, the need for nitrogen in the sick person. 
However, one can assume that a person who is not eating adequately, 
one who is losing weight or one who is sick from: whatever cause is 
in negative nitrogen balance and therefore is in need of greater nitrogen 
and caloric intake. 

\ sick person who does not desire food and who often cannot tolerate 
it when eaten may nevertheless recover. However, there is no good 
physiologic reason why a patient should experience a period of inade 
quate nutritional intake merely because he can survive it. On the other 
hand, there are numerous proved scientific reasons why malnutrition 
is undesirable. It seems logical that we should accept the responsibility 
of devising methods whereby a patient can be provided with his full 
nutritional requirements until such time as he is again able unaided to 
consume a full complement of food. 


CONCLUSIONS 

Che degree of nitrogen balance was measured in 298 separate 24 
hour periods in 28 patients and in a number of other patients during sey 
eral additional periods. All intake was given intravenously, but the 
amounts of nitrogen as amino acids and of calories as dextrose and 
alcohol varied. Scatter graphs at five different levels of caloric bal 
ance justify the following conclusions, 

1. Calories are essential for the economic utilization of parenterally 
administered amino acids. 

2. A pronounced positive nitrogen balance cannot be consistently 
maintained unless adequate calories are provided. 

3. Nitrogen equilibrium can be obtained without adequate calories 
if sufficient nitrogen is provided. From a practical standpoint it seems 
simpler to provide an average amount of nitrogen and to protect this 
nitrogen with sufficient calories to produce a positive nitrogen balance. 

+. Sufficient calories can be provided from the intravenous adminis- 
tration of ethyl alcohol in conjunction with dextrose and amino acids. 


5. Adequate daily carbohydrate, amino acids and calories can be 


provided from 3,000 cc. of parenterally administered dextrose 5 per 


cent, amino acids 5 per cent and alcohol 7.5 per cent without excessive 
hydration of the patient. 
6, A statistically proved curve as illustrated in the graphs can be 


employed to prognosticate, with sufficient accuracy for clinical use, the 
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degree of nitrogen balance to be anticipated when the caloric intake, 
the nitrogen intake and the caloric requirements are known. This curve 
can also be used to determine the amount of protein required to pro 
duce a positive nitrogen balance in any specific instance, presuming that 
the caloric requirement of the individual patient is known. The caloric 
needs of the patient can be calculated mathematically with the aid of 
the duBois chart or on a slide ‘rule calibrated for that purpose 

7. The statistically drawn lines indicate that with a constant pro 
portion of calories from protein the nitrogen balance increases as the total 
calories increase in relation to the metabolic requirements or that, by 
increasing the proportion of calories from protein, a more favorable 
nitrogen balance can be produced on the average in every instance when 
the caloric intake is kept constant. 


These studies suggest that a positive nitrogen balance can be readily 


obtained in the sick person if adequate calories are provided with an 
average amount of protein. As the amount of food that can be eaten by 
sick persons is limited, it is clinically feasible to supplement the deficiency 


with parenterally administered dextrose, amino acids and alcohol 
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RUPTURES OF SURFACE BLOOD VESSELS ON CEREBRAL 
HEMISPHERES AS A CAUSE OF SUBDURAL 
HEMORRHAGE 


B. M. VANCE, M.D. 
NEW YORK 


S' 'BDURAL hemorrhage from the rupture of a blood vessel on the 
surface of a cerebral hemisphere is a well recognized entity which 
has received attention in the literature principally because of its reputed 
role in the production of chronic subdural hematoma. Putnam,’ Rand,? 
Jelsma,* Baker, Leary ®° and many others have concerned themselves 
with this question. Only cursory consideration, however, has been 
given to the actual vascular rupture; its anatomic nature and the 
mechanism of its production have not been adequately studied or clearly 
defined. The following discussica is an attempt to assess the nature 
and significance of these lesions. 

rhis study is based on 102 autopsies which were carried out in the 
Office of the Chief Medical Examiner in New York city from December 
1940 to July 1949. In the list are included cases of fatal subdural 
hemorrhages produced by ruptures of surface blood vessels on the cere- 
bral hemispheres and other cases of fatal subdural hemorrhages in which 
there is reason to believe that a vascular rupture was the underlying 
cause of the bleeding even though it could not be demonstrated at 
necropsy. Subdural hemorrhages or hematomas due to other causes are 
excluded. 


STATISTICAL STUDY 


The purpose of the statistical compilation is to obtain data which 
might throw light on the etiology of the blood vessel ruptures, especially 
in regard to their relationship to traumatic injury. 


From the Office of the Chief Medical Examiner in the City of New York. 

1. Putnam, T. J., and Cushing, H.: Chronic Subdural Hematoma, Arch. 
Surg. 11:329-393 (Sept.) 1925. 

2. Rand, C. W.: Chronic Subdural Hematoma, Arch. Surg. 14:1136-1165 
(June) 1927. 

3. Jelsma, F.: Chronic Subdural Hematoma, Arch. Surg. 21:128-144 (July) 
1930 


4. Baker, A. B.: Subdural Hematoma, Arch. Path. 26:535-559 (Aug.) 1938. 
i 


5 Leary, 
(Dec.) 1939 


Subdural or Intradural Hemorrhages, Arch. Path. 28:808-820 
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The racial and sexual incidence in the 102 cases was as follows: 
white race, 72 (males, 49; females, 23); Negro race, 30 (males, 20; 
females, 10). The age incidence was as follows: birth to 10 years, 
3 (6 months, 11 months and 9 years); 11 to 20 years, 0; 21 to 30 
years, 9; 31 to 40 years, 17: 41 to 50 years, 27: 51 to 60 years, 23; 
61 to 70 years, 17, and over 70 years, 6. Almost two thirds of the 
patients were between 40 and 70 years. 

Subdural hemorrhage was unilateral in 93 cases (right, 57; left, 36) ; 
the preponderance for the right side could not be explained satisfac- 
torily. In cases in which death occurred early in the clinical course 
the blood was red and fluid, with soft fragile blood clots; later it 
became dark red, partial hemolysis occurred and the clots became more 
coherent. With a long clinical course, the subdural hemorrhage turned 
reddish brown, rusty brown or tan and changes characteristic of a 
chronic subdural hematoma supervened, with degeneration and organi- 
zation of the effused blood. The blood collected over the outer surface 
of the cerebral hemisphere, forcing the brain toward the opposite side 
and causing death by cerebral compression, the sole exception being 
case 4. In 42 cases the amount of subdural hemorrhage was weighed, 
the weights varying from 250 to 30 Gm., with an average of 125 Gm. 

Bilateral subdural hemorrhages were present in 9 cases, the effusions 
of blood pressing against the outer surfaces of the cerebral hemispheres 
in a downward and mesial direction. As a rule there was more blood 
in one subdural space than in the other. In 3 instances the amount of 
hemorrhage was weighed. In case 1 that on the right weighed 30 Gm 
and that on the left 30 Gm., in case 2 the right weighed 40 and the left 
60 Gm., and in case 3 the right weighed 100 and the left 150 Gm 

External injuries of the scalp and face were present in 80 of the 
cases of fatal subdural hemorrhages. These lesions consist of contusions, 
abrasions and lacerations of the face, lips, cheeks, eyelids and scalp and 


ecchymoses in the galea, all found in various combinations. Fractures 


of the skull were present in three cases, of the middle fossa in one, of 
the occipital region in one and of the ethmoid region in one. The 
injuries are significant as they often point to the spot where violence 
had been applied to the head and give a clue to the direction of the force ; 
in other instances the skin lesions were too scattered to allow precise 
determination of the area of violence. In 22 cases of subdural hemor 
rhage external head injuries were not present; in six of these a ruptured 
blood vessel was found on the cerebral surface, but in 16 such findings 
were absent. In one case fractures of the ribs were present but external 
head injuries were absent (case 4). 

In 48 of the 102 cases there were ruptured blood vessels on the 
external surface of the cerebral hemisphere. These were in the parietal 


area in 23 cases, the temporal area in 14, the frontal area in 7, and 
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the occipital area in 1. In three cases the location was uncertain. In 
39 of the 48 cases there were associated external head injuries. Some- 
times the torn blood vessel appeared as a small projecting teat on the 
cerebral surface occluded by a thrombus, and in other instances a 
conical clot capped the torn end of the vein or artery. Occasionally the 
vascular trunk was open and oozed blood. In a few instances there 
were no obvious lesions of the blood vessels, but the arachnoid was 
partially or completely denuded over an area of a few millimeters. 
Rarely pinhead-sized nodules were present on the outer surface of the 
arachnoid over large vessels in the temporal region; microscopic 


examination of one of these disclosed a perforation of a surface artery, 


as described in case 7. Fifty-four of the 102 cases of subdural hemor- 
rhage failed to show a rupture of a blood vessel on the cerebral surface, 
nor did the autopsy disclose any other cause for the bleeding. It is 
believed that a vascular rupture was present at one time but was later 
obscured by subsequent pathologic changes so that it was not demon- 
strated at autopsy. 

Small discrete hemorrhages were present in the pons in 25 cases, 
with unilateral subdural hemorrhages in 22 and bilateral hemorrhages 
in 3. These lesions were produced by the subdural hemorrhage imping 
ing on the pons as described by Wilson and Winkelman.® Other intra 
cranial injuries such as subcortical lacerations or old and recent surface 
contusions not connected with the subdural hemorrhage were rarely 
found. A number of natural disease conditions such as arteriosclerosis, 
cardiac hypertrophy, fatty infiltration or cirrhosis of the liver and 
pneumoconiosis were occasionally noted but are not considered deter 
mining etiologic factors. Death was usually caused by cerebral com 
pression from the subdural hemorrhage but was the result of terminal 
bronchopneumonia in 17 cases and of lateral sinus thrombosis wit! 
encephalomalacia in one 

Clinically, the patients are divided into (a) those who died outside 
i hospital, either collapsing suddenly in the presence of witnesses or 
heing found dead, and (}) those who died in a hospital 

The only clinical data obtainable on 31 nonhospitalized patients was 
i brief statement of the circumstances of death. Twenty-two died with 
out a history of traumatic injury. Eighteen of these were found dead 

their residence or in the street, and four died suddenly in the presence 

witnesses. External head injuries were absent in 4 and present in 
ruptures of arachnoid blood vessels were absent in 15 and present 
in 7 and in 3 cases both external injuries and ruptured arachnoid blood 


Is were absent. Nine of the 31 patients gave a history of traumatic 


6. Wilsot nd Winkelman, N. W Gross Pontile Bleeding in Traumati 
Nontraumatt erebral Lesions, Arch. Neurol. & Psychiat. 15:455-470 (April) 
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injury: 4 fell, 3 were involved in fights, 1 had a traffic accident and 1 
was crushed by a tugboat. Most of the subdural hemorrhages were 
composed of recently effused blood and blood clot, but in two cases 
there were older clots of several days’ duration. The brain was 
examined for alcohol in all 31 cases, with 23 positive reactions to the 
test for ethyl alcohol. The estimations varied from a trace to 0.060 
per cent; in 20 of the positive cases the reaction exceeded 0.025 per 


cent 


Seventy-yne patients were hospitalized, dying after a survival period 


of one hour to several weeks. Thirty-one were adinitted without a 
definite history of injury but were discovered in an unconscious con 
dition; at autopsy traumatic injuries were found in 25 but not found 
in six. The remaining 40 patients came to the hospital with a history 
of traumatic injury and presented traumatic lesions at autopsy. The 
injuries were incurred as the result of falls on a floor or on the street 
in 19 cases, more serious falls in 6, assaults in 8 and traffic accidents in 
7. In most cases the apparent age of the subdural hemorrhage cor 
responded with the duration of the clinical history, but in others it was 
considerably longer and obviously antedated the admission of the patient 
to the hospital. It was frequently difficult to determine the date of onset 
of the bleeding as the development of the symptoms and signs ot 
cerebral compression was slow and insidious. In 18 cases, craniotomies 
were performed. Many of the victims were admitted with signs of acute 
or chronic alcoholism, but it was not possible to determine accurately 
its exact incidence in this group 

Comment \n analysis of the 102 cases of fatal subdural hemor 
rhage indicates that traumatic injury plays an important role in causing 
this condition. In the majority of cases there is a definite history 
physical violence or evident signs 
shown that about 74 per cent of the patients were alcohol iddicts and 
consequently were prone to blunder into accidents and to react unfavor 
thly to trauma. Many of the vascular ruptures and subdural hemor 


‘ . 
rhages followed head injuries of moderate or even insignificant severity 


fewer accompanied severe injuries such as fractures of the skull 
Nine cases of subdural hemorrhage occurred without an 

traumatic injury and without any demonstrable external 

traumatic lesions. There is a possibility that these cases 


spontaneous subdural 


\ definite determinatiot 
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of the 102 cases inasmuch as traumatic injury as an etiologic factor 


cannot be wholly eliminated from consideration. There is always the 


possibility that the deceased person was the victim of an accident, severe 
enough to cause vascular rupture and a fatal subdural hemorrhage after 
a latent interval but not of the type to precipitate disturbing symptoms 
and signs at the time of injury and thus call attention to itself. On the 
other hand, the autopsy did not disclose any natural disease condition 
of a serious nature which would favor the theory of spontaneous vas- 
cular rupture. For discussion of this question, see Putnam,! Rand, 
Baker,* Leary,® Jungmichel,® Voris‘® and Kennedy and Wortis.” 


SPECIAL INVESTIGATION 

In 15 cases the area of vascular rupture was sectioned serially by 
the celloidin technic and stained with hematoxylin and eosin, Weigert's 
elastic tissue stain and Van Gieson’s connective tissue stain. Five of the 
cases were discarded because they were examples of arachnoid tears 
with disruption of the adjacent blood vessels but without a clearcut 
rupture in a sizable cerebral surface artery or vein. Of the remaining 
10 cases, definite ruptures were found in surface cerebral veins in 4 


and ruptures in surface cerebral arteries in 6. 


RUPTURES OF VEINS 

Most of the subdural hemorrhages due to venous bleeding have been 
attributed to tears of veins which cross the gap between the arachnoid 
and the dura. Leary ® mentioned four locations where such vessels, 
designated as “communicating veins,” are most often encountered: 
(1) the lateral frontal region, 1 to 4 cm. from the vertex, communicating 
with the tributaries of the superior longitudinal sinus; (2) the apex of 
the temporal lobe communicating with the tributaries of the lateral sinus 
in the middle fossa; (3) the apex of the temporal lobe communicating 
with veins in the dura of the sphenoidal region; (4) subtentorial com 
municating veins, rarely involved in intracranial hemorrhages. In 
addition Leary described “bridging veins” which cross the subdural 
space at various points on the cerebral convexity without any necessary 
reference to the dural sinuses. He called attention to the delicate 
structure of the communicating and bridging veins, which generally lack 
muscle fibers and have a thin fibrous wall and also have a thin elastic 

9. Jungmichel, G Uber das Vorkommen intrakranieller Blutungen nach 
Schadeltraumen ohne Schadelfrakturen, Deutsche Ztschr. f. d. ges. gerichtl. Med 
26: 130-137, 1936 

10. Voris, H. C.: Subdural Hematoma, J. A. M. A. 132:686-692 (Nov. 23) 1946 

11. Kennedy, F., and Wortis, H Acute Subdural Hematoma, Surg., Gynec 
& Obst. 63:732-737 (Dec.) 1936 
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lamina adjacent to the endothelial layer. He considers that ruptures of 


these veins occur easily and are a common source of subdural 
hemorrhage. 

Most of the theories favor a traumatic origin for the venous ruptures 
on the cerebral surface. Trotter '* expressed the belief that violence is 
applied to the head in such a way as to cause the brain to oscillate 
anteroposteriorly, with a sufficient range of motion to tear venous tribu 
taries crossing the subdural space, especially those in the lateral frontal 
region near the vertex. He claimed that the side to side oscillation 
produced by a laterally directed force is limited too much by the falx 
cerebri to cause a venous rupture. Grant '* and Munro '* have reported 
subdural hemorrhages from tears of bridging veins in the lateral 
temporoparietal regions as a result of violent anteroposterior jarring 
of the brain. 


Case 1 \ Negro male infant 6 months old was admitted to a hospital after he 
was accidentally dropped on his head. A bilateral subtemporal craniotomy was 
performed and subdural clots evacuated on the right side. Death occurred four 
days later with the patient in coma. At autopsy a fracture was found in the left 
posterior fossa, running to the base \ thin-walled, communicating vein in the 
right parietal region near the vertex was torn across, probably by oscillation of the 
brain forward. Each end of the torn vein was occluded by a laminated, gray-red, 
bland thrombus which projected from the vessel like the blunt end of a cigar 
Histologic examination disclosed that the vessel wall at the site of the tear was 
retracted like the wrinkfed folds of a pulled-up sleeve. The injury to the vessel 
wall evidently served as a starting point for the thrombus, and the subsequent 
slowing of the cerebral venous circulation from cerebral compression aided in its 


formation. 


2.—A white woman 52 years of age suddenly collapsed and died at her 


Cast 
residence. There was previous history of alcoholism but no history of injury 
he autopsy disclosed in the galea of the scalp an ecchymosis 4 cm. in diameter 
in the right lateral frontal region and a similar lesion in the right lateral occipital 
region. A subdural hemorrhage was found over the lateral surface of the right 
cerebral hemisphere, and there were obvious signs of cerebral compression. On 
the right temporal lobe near the posterior end of the rolandic fissure there was 
1 5 mm. tear of the arachnoid surrounded by a subarachnoid hemorrhage 10 mm 
in diameter. Histologic examination of the lesion disclosed a circular perforation 
of the lateral surface of a subarachnoid vein with a few polymorphonuclear leuko 
cytes in the frayed tissue fragments around the injury (fig. 1). The red blood cells 
in the subarachnoid space showed beginning shrinking and deterioration, and the 
adjacent cortical brain tissue was the seat of a few small perivascular hemorrhages 


and an increase in microglial cells; these tissue reactions indicate that the injury 


12. Trotter, W Chronic Subdural Hemorrhage of Traumatic Origin and 
Its Relation to Pachymeningitis Hemorrhagica Interna, Brit. J. Surg. 2:271-291 
no. 6 (Oct.) 1914 

13. Grant, F. ( Chronic Subdural Hematoma, J. A. M. A. 105:845-849 
(Sept 14) 1935 

14. Munro, D The Diagnosis and Treatment of Subdural Hematomata, New 


England J. Med. 210:1145-1160 (May 31) 1934 





ARCHIVES OF SURGER) 


vas several days old. The probable occurrence in this case was a tear of a small 
bridging vein from arachnoid to dura by forcible oscillation of the brain from 
trauma; whether the motion was sagittal or lateral could not be determined 

Case 3.—A white man 65 years of age was found on the floor in coma and 
admitted to a hospital. Bleeding from his left ear was noted. He died from 
cerebral compression three days later. Autopsy disclosed a fracture of the left parietal 
region and the middle fossa and 100 Gm. of dark red fluid blood in the left subdural 
space \ short vascular teat, 1 mm. in diameter, was found near the rolandic 
fissure on the left temporal lobe adjacent to the fracture. Histologic sections of 


this showed a circular rupture of the external wall of a subarachnoid suriace vein 


vith the torn edges of the rupture rounded; the surroundi,g subarachnoid tissue 
; 


. 
° * 
**s i 


. ~ *. 


Fig. 1 (case 2).—Tear of outer wall of subarachnoid vein on right temporal 
lobe. The tissues near the edge of the tear are infiltrated with polymorphonuclear 
leukocytes, and a subarachnoid hemorrhage is present 


contained red blood cells, leukocytes and large mononuclear cells, and the adjacent 
cortex showed a slight contusion. There was another small arachnoid lesion on 
the left temporal lobe near the middle fossa, but sections failed to demonstrate a 
vascular rupture. The injuries were probably produced by forcible oscillation ot 
the head forward and to the right. The linear fracture may have lacerated the 
surface vein, but the objection to that interpretation is that such a mechanism 
isually produces more extensive damage to the cortical tissues than was encountered 

this cast 

Cast 4.—A Negro 45 years of age was knocked down by a taxicab and was 

mitted to a hospital in coma. He died three days and nineteen hours after his 


ission with signs of pulmonary edema The autopsy disclosed fractures of 
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the first to the fifth left rib near the cartilage and of the anterior portion of the right 
second rib and a 10 cm. contusion of the upper part of the left arm, but injuries of 
the scalp and skull were absent. About 20 Gm. ot red fluid blood and blood clot 
was found in the left subdural space, attributable to two ruptured blood vessels 
on the left lateral frontal lobe, and a small denuded area 9 mm. in diameter in the 
arachnoid just below the vessels. One vessel was located 5 cm. from the vertex 
above the middle of the lobe and was capped by a small conical gray-red clot 8 mn 
in diameter; microscopically the vessel was a thin-walled communicating vein with 
its torn opening sealed by fibrin permeated with platelet collections, degenerating 


red blood cells and leukocytes, which bulged out slightly from the vessel like a 


Fig. 2 (case 4).—Transverse tear of communicating vein on left frontal lobe 
with the opening sealed by a fibrinous clot; the clot balloons slightly from the 
torn end of the vein 


bubble (fig. 2) The other vessel was a thin-walled communicating vein about 
' 


3 cm. posterior to the first with its torn opening occluded by a cigar-shaped, gray 


red thrombus similar microscopically to the one described above. In the right 


subdural space was a small amount of blood clot, but no lesion was present to 


explain its presence The immediate cause of death was hypostatic bronchopneu 
monia, attributable mainly to the chest injury Chere was not sufficient cerebral 
compression from the subdural hemorrhages to produce a fatal complicatior The 
torn veins and arachnoid on the left frontal lobe were undoubtedly caused by 


a forcible oscillation of the brain, ich is compatible with the type of trauma ev 


though the head itself was not injured extert 
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Summary.—In these four cases, subdural hemorrhage from rupture 
of communicating or bridging veins was traumatic and due to forcible 
oscillation of the brain inside the skull. There is no evidence that the 
ruptures were in any way spontaneous. There was a history of a fall 
in case 1 and an automobile accident in case 4. In cases 2 and 3 the 
time and the type of the accident are not known, but head injuries were 


present, and the circumstances suggested a fall. In case 2 the history 
and the autopsy findings indicated that there had been a latent interval 
between the infliction of the trauma and the onset of serious symptoms. 


In cases | and 4 the torn vein was occluded by newly formed thrombotic 
clots. 
RUPTURES OF ARTERIES 

Only a few cases of subdural hemorrhage from rupture of a small 
artery on the cerebral convexity have been described. Hey *° reported 
the case of a football player who was struck on the head by a ball and 
died two hours later; the autopsy disclosed a fatal subdural hemorrhage 
from a torn artery near the vertex of the brain. In the case of Werk- 
gartner,’® a man 71 years of age fell and two hours later signs of 
cerebral compression developed. Death occurred three days later; the 
autopsy and the histologic examination disclosed a ruptured artery on 
the right temporal lobe and a fatal subdural hemorrhage on that side. 
Werkgartner was of the opinion that the violence caused the brain to 
flatten itself against the inside of the skull and, with the sudden release 
of the distortion, the arteries filled rapidly with blood and the arterial 
wall ruptured. Scott * encountered a pinpoint arterial rupture of the 
left sylvian artery during a craniotomy on a man of 66 years. 

Case 5 \ white man aged 60 years was admitted to a hospital in an alcoholic, 
comatose condition and with no history of an injury. The left pupil was larger 
than the right. He died 19% hours after his admission. The autopsy disclosed 
a 1.5 cm. scalp abrasion over the right parietal region, a right subdural hemor- 
rhage 125 Gm. in weight which caused cerebral compression and a denuded area 
of arachnoid 7 mm. in diameter in the right lateral frontal region. Histologic sec- 
tion of this lesion showed a cortical cerebral artery obliquely torn across in a 
ragged fashion, and the edges of the tear were infiltrated with leukocytes. The 
surrounding subarachnoid area was infiltrated with disintegrating red blood cells. 
On the dural surface opposite the subarachnoid tear was a torn communicating 
vein 2 cm. in length; microscopic examination disclosed that its torn edges were 
infiltrated with leukocytes and large mononuclear cells. In this case a com- 
municating vascular stalk containing an artery and vein was torn across by a 
forcible oscillation of the brain 

Case 6.—A Negro woman aged 43 years was hit on the head with a chair 
and knocked unconscious; she died 40 hours later in the hospital still in coma. 

15. Hey: Subdurales Hamatom als Sportverletzung, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 5:12-16, 1925 

16. Werkgartner, A Subdurale Blutungen aus verborgener Quelle, Beitr 
z. gerichtl. Med. 5:191-200, 1922 
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At autopsy there was a 10 mm. laceration of the scalp in the occipital region, a 
subdural hemorrhage on the left side with cerebral compression, a pinpoint-sized 
perforation of the arachnoid membrane over a blood vessel in the upper posterior 
portion of the left temporal region and a few discrete hemorrhages in the pons. 


1 


Histologic section of the arachnoid perforation disclosed a circular rupture of 
the lateral wall of an arachnoid artery accompanied with a small hemorrhage in 
the surrounding subarachnoid space. On one edge of the rupture there was a small 
fragment of adventitial tissue with small blood vessels infiltrated with polymor 
phonuclear leukocytes (fig. 3). In this case it is surmised that a branch of the 
ruptured vessel was part of a bridging trunk and was torn by the forcible oscilla 


tion of the brain at the time the injury was inflicted 


Case 7.—A Negro aged 61 years was knocked unconscious in a fight and ther 


recovered. Twelve hours later he lapsed into coma and died en route to the hos 


Fig. 3 (case 6)—Tear of outer wall of subarachnoid artery on left tempora 
lobe, with stripping of outer arachnoid layer to one side There is an infiltratior 


of polymorphonuclear leukocytes in the torn area, and a subarachnoid hemor 
rhage surrounds the vessel 


| 


pital. At autopsy there was a 10 mm. laceration in the right lateral frontal region 


and a large recent subdural hemorrhage on the left, causing cerebral compression 


Small discrete pontile hemorrhages were present. In a sulcus of the left temporal 
lobe near the fissure of Sylvius, a large horizontal blood vessel bulged against the 
arachnoid; on the outer surface of the arachnoid over this vessel there were three 
pinhead-sized dots in a row, 3 mm. apart. Histologic section disclosed that the 
large vessel was a surface artery, about a millimeter in diameter, and that the outer 
membrane of the arachnoid over the vessel was very thin. One of the surface 
dots was a small arterial twig which branched from the outer wall of the main 
trunk at right angles and ran to the thin outer layer of the arachnoid (fig. 4 The 
other two dots were minute perforations through the arterial wall and the adjacent 


arachnoid membrane (figs. 5 and 6). These perforations were undoubtedly rupture 
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Fig. 4 (case 7).—Section of subarachnoid artery of left temporal lobe, show- 
ing aberrant arterial twig on outer surface 
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Fig. 5 (case 7).—Fire hose rupture through outer wall of same artery (fig. 4) 
and the overlying arachnoid. The small opening is sealed by fibrin infiltrated by 
polymorphonuclear leukocytes The clot bulges outward slightly 
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of minute arterial twigs, such as the one described above, produced by a sudden 
increase of pressure from the inside of the vessel acting on points of decreas« 
resistance The ruptures were closed by plugs of fibrin infiltrated with leukocytes 
which bulged slightly outward as the result of the pressure in the vessel lumet 
rhese lesions in the arterial wall may for convenience sake be termed “fire hose 
ruptures, and in this case were traumatic, produced by oscillation and distortion o 
the brain against the inside of the dura resulting in the local increase of intravascula 
pressure 

Case 8.—A white man aged 53 years was hit on the head and after the injury 
complained of headache. Twelve hours later he was found in coma \fter his 
removal to the hospital a bilateral subtemporal craniotomy was performed and 
a subdural hemorrhage removed on the right. He died about twelve hours afte: 


his admissior rhe autopsy disclosed a contusion of the left ear and the adjacent 


hose rupture from the same artery (figure 4 


mastoid region and a lural hemorrhage 90 Gm. in weight on the right mad 


1 blood. On the lateral surface of the right frontal lobe 


dark lottes 


areas 0 arachnoid membrane, each 6 mm. in diameter 
vay otf communicating vessels; histologic examination « 
a subarachnoid hemorrhage but not any definite vascular lesiot 
hnoid surface a small clot 2 mm. in diameter was located slightly below 
posterior to the tears mentioned; histologic examination disclosed a perforation 
through the lateral wall a surface cerebral artery and the overlying arachn 
which was stopp a sligl bulging fibrinous plug infiltrated by leukocytes 
\t another point on this artery a small branching twig came from the lateral surfa 


it right angles and ran to the thin outer layer of the arachnoid. This is anothx 
“fire hose” rupture produced by a mechanism similar to that which caused the 
lesion in case 7 


Case 9.—A white man aged 63 years was injured in a fight and the next day 


suddenly collapsed the street. He was admitted to a hospital in coma and died 
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The autopsy disclosed ecchymoses on both eyelids and cheeks 


nine days later. 
and a 15 mm. stellate laceration in the right posterior parietal region, a left 


subdural hemorrhage of 125 Gm., definite cerebral compression and a small blood 
clot 1 mm. in diameter on the arachnoid of the posterior left temporoparietal region. 
Histologic section of this lesion showed a fibrinous plug infiltrated with leukocytes 
on the outside of the arachnoid, and below this the lateral wall of a surface cerebral 
artery perforated at right angles. The perforation was closed by a strip of newly 
forrned fibrous tissue sparsely infiltrated with ovoid fibroblasts and round cells 


Fig. 7 (case 9).—Fire hose rupture of subarachnoid artery in left temporo- 
parietal region with perforation sealed by a fibrinous clot and_ fibroblastic 
proliferation 


(fig. 7) Ihe lesion was evidently a “fire hose” rupture in the stage of repair 
and the mechanism was traumatic Che cause of death was cerebral compression 
and hypostatic pneumonia 

Case 10.—A Negro woman aged 33 years was admitted to a hospital in coma, 
with an odor of alcohol on the breath but without any history of injury. She died 
31 hours after her admission The autopsy disclosed an ecchymosis 4 cm. in 
diameter in the galea of the scalp over the left parietal region, a reddish and rusty 
brown hemorrhagic membrane attached to the dura which was thick enough to pro- 
duce cerebral compression and a small clot 3 mm. in diameter attached to the 





ve 
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arachnoid over the lower posterior portion of the left parietal lobe. Histologic 
examination of this site disclosed a minute defect through the outer wall of a sur 
face artery and the adjacent arachnoid membrane which was filled in with scarlike 
fibrous tissue containing a few ovoid fibroblasts and small round cells. The clot 
on the outside of the arachnoid was fibrinous, homogeneous and eosinophilic and 
contained numerous fibroblasts in the periphery, especially near the arterial edges 
of the defect. The arterial lesion was a “fire hose” rupture in a later stage of 
healing than the rupture described in case 9 (fig. 8). Death was due to cerebral 


Fig. 8 (case 10).—Fire hose rupture of subarachnoid artery on left parietal 
lobe with opening sealed by fibrinous clot and fibrous tissue 


compression from the subdural hemorrhage. In this case the characteristics of the 
subdural hemorrhage and of the arterial rupture indicate that these conditions 


occurred a few days previous to the admission of the patient to the hospital 


Summary.—In these six cases the arterial ruptures were all trauma 


tic in origin. Two cases, 5 and 6, showed arterial tears produced by 


forcible jarring of the brain analogous to the venous tears described in 
cases 1 to 4. It must be presumed that arterial branches were present 
in communicating or bridging vessels from the subarachnoid space to 
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the dura and were ruptured during the trauma, which probably caused 
oscillation of the brain in an oblique anteroposterior plane. I have 
sectioned a few communicating vascular stalks and have found that 
while some contain only veins others contain both arteries and veins. 

Cases 7, 8, 9 and 10 are examples of an arterial rupture not hitherto 
described. In cases 7, 8 and 9 there was a history of criminal violence, 
with evidence of head injury. In case 10 a history of injury was not 
obtained, but the scalp lesion and alcoholism indicate that trauma cannot 
be excluded as a possible factor. The vascular lesions in all four cases 
were closed by thrombotic clots, of recent formation in cases 7 and 8 
and partly organized in cases 9 and 10. This arterial lesion is termed 
the “fire hose” rupture, as it occurs in arteries on the lateral cerebral 
surface, which possess small arterial twigs coming off the outer wall 
of the vessel at right angles just under the arachnoid. A point of weak- 
ness is therefore present which is ill fitted to withstand any increase of 
pressure inside the vascular lumen. In the cases described, the brain 
was probably forcibly distorted against the inside of the dura, the 
vascular blood pressure was raised locally and the arterial twigs and 
the overlying arachnoid were ruptured, causing the subdural hemor- 
rhage. Theoretically the fire hose rupture could be produced spontane- 
ously without a traumatic mechanism, but there is not sufficient evidence 
at present to substantiate this proposition. 


COM MENT 


Cases of fatal subdural hemorrhages from ruptures of arteries and 
veins on the cerebral surface form a small but definite proportion of 
cases referred to the office of the Chief Medical Examiner in New York 
city. The vast majority of these lesions are traumatic in origin, and it 


is difficult to exclude trauma as an etiologic factor in any case. Spontane 


ous rupture of such vessels is possible but difficult to prove. After a 
suspected homicidal assault, if the autopsy findings indicate trauma to 
the head, a rupture of a surface cerebral artery or vein and a fatal 
subdural hemorrhage from the vascular lesion, the cause of death is 
considered to be definitely established as traumatic in origin. 








SURGICAL IMPLICATIONS OF LOWER THORACIC AND LUMBAR 
INDEPENDENT SYMPATHETIC PATHWAYS 


ALBERT KUNTZ, Ph.D, M.D. 
AND 
WILLIAM F. ALEXANDER, Ph.D. 
ST. LouIS 


HE PERSISTENCE of functional sympathetic conduction path- 

ways following extirpation of the sympathetic trunk or section of 
the communicating rami in man has been amply demonstrated.'| Sympa- 
pathetic conduction pathways which do not traverse the sympathetic 
trunks have also been demonstrated anatomically.* Such pathways 
involve synaptic connections of preganglionic fibers which do not enter 
the sympathetic trunk with ganglion cells which are located outside the 
sympathetic trunk ganglions. Aggregates of sympathetic ganglion cells 
located in relation to communication rami, particularly gray rami, or 
sympathetic roots, have been reported.* Alexander and others? have 
pointed out, on the basis of anatomic studies, that many sympathetic 
ganglions which are not incorporated in the sympathetic trunk are 
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located in relation to the spinal nerves and their interconnecting rami. 
Some of them receive preganglionic fibers directly via the ventral nerve 
roots. In turn, postganglionic fibers arising in them extend distalward 
in the spinal nerve trunks and their peripheral branches. 

In the present study an attempt has been made to determine more 
accurately the anatomic relationships of accessory sympathetic ganglions 
to the spinal nerves, their interconnecting rami and the communicating 
rami, particularly in the lower thoracic and the lumbar segments. Pre 
ganglionic and postganglionic connections which are independent of the 
sympathetic trunks are described on the basis of histologic studies. Ana 
tomic data also are presented relative to the peripheral distribution of 
sympathetic conduction pathways which are not interrupted by extirpa 
tion of the sympathetic trunk or section of the communicating rami. 


MATERIAL AND METHODS 

In a series of cadavers the nerves in the lower thoracic, lumbar and 
sacral segments, including the sympathetic trunks and the communicat 
ing rami, have been dissected. The spinal nerves, their proximal rami, 
including the interconnecting and the communicating rami, and_ the 
sympathetic trunks have been mapped in detail. The proximal por 
tions of the spinal nerves and their proximal rami were then prepared 


for histologic study. rhe corresponding portions of the same nerves 


have been obtained at autopsy and prepared for histologic study by 


means of the Nonidez silver technic. These preparations have been 
utilized in the study of the cytologic characters of the ganglion cells in 


question and their preganglionic and postganglionic connections. 


ANATOMI¢ DATA 


In the lower thoracic segments the sympathetic trunk lies adjacent 
to the heads of the ribs. At the level of the body of the twelith thoracic 
vertebra, it tends ventrad until it reaches the ventrolateral aspect. of 
the bodies of the vertebrae at the level of the intervertebral disk between 
the first and the second lumbar vertebra. From this level to the sacral 
prominence, it lies along the medial border of the psoas muscle and 
adjacent to the vertebrae (fig. 1). Because of the ventral position of the 
sympathetic trunk in the lumbar segments, the sympathetic roots, or 
gray communicating rami, are relatively long. As every sympathetic 
root in these segments extends dorsad from the sympathetic trunk, it 
lies adjacent to the segmental artery. In some instances it divides into 
two rami, one of which passes on either side of the artery. Beyond 
the artery these rami reunite before joining the spinal nerve. In the 
segments in which white communicating rami are present, the svmpa 


thetic roots join the spinal nerves proximal to the origins of the white 
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rami. As viewed from the ventrolateral aspect, therefore, the sympa 
thetic roots lie somewhat deeper than the white communicating rami. 
The white rami in general take oblique courses from the spinal nerves 
to the sympathetic trunk. The courses of the sympathetic roots are 
more nearly horizontal. Slender rami arising from the sympathetic 
trunk join the plexus on the aorta. Rami which extend from one 
sympathetic trunk to the other could not be demonstrated. 
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Fig. | Drawing from a human dissection, psoas muscle removed 
to illustrate the anatomic relationships of the sympathetic trunk, the con 
rami and the rami interconnecting the spinal nerves from the tenth tho 
fitth lumbar segment inclusive 


The lumbar portion of the sympathetic trunk varies within a wide 
range both with respect to the number of ganglions present and the 
levels at which the ganglions are located. Our findings corroborate 
those of Yeager and Cowley * which indicate that the most constant 


lumbar sympathetic trunk ganglion is located adjacent to the body of the 


4. Yeager, G. H., and Cowley, R. A Anatomical Observations of the Lumbar 
Sympathetics with Evaluation of Sympathectomies in Organic Peripheral Vascular 


Disease, Ann. Surg. 127:953-967, 1948 
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second lumbar vertebra. In some instances the lower pole of this gang- 
lion lies adjacent to the body of the third lumbar vertebra. In many 
instances there is no grossly recognizable ganglion at the level of the 
first lumbar vertebra. Fusion of sympathetic trunk ganglions frequently 
is apparent also in the lower lumbar segments. Individual sympathetic 
trunk ganglions in the lower thoracic and the lumbar segments commonly 
are connected with more than one spinal nerve. 

\ll the spinal nerves from the tenth thoracic caudad are inter- 
connected by rami which include unmyelinated and myelinated 
fibers. These rami vary in size and position. The larger ones are made 
up mainly of myelinated fibers which represent somatic efferent and 


somatic afferent spinal nerve components, but they include some unmye 


linated fibers. The smaller ones include a larger percentage of unmyel- 
nated fibers than the larger ones. Many of the unmyelinated fibers are 
the axons of sympathetic ganglion cells. The interconnecting rami, con 
sequently, afford pathways through which sympathetic as well as somatic 
nerve fibers may extend from one spinal nerve into an adjacent one. In 
general the sympathetic fibers which traverse the interconnecting rami 
below the tenth thoracic nerve extend distalward in nerves caudad to the 
sites of their origin. 

\ggregates of sympathetic ganglion cells which are not incorporated 
in the sympathetic trunk have been observed in all the segments from the 
twelfth thoracic to the third lumbar vertebra inclusive. In some of the 
bodies examined such ganglions were present in all the segments in this 
series. In others they were detected in only two or three of them. None 
of the bodies examined failed to reveal sympathetic ganglion cells out 
side the sympathetic trunk in at least one lumbar segment. Accessory 
sympathetic ganglions probably occur more frequently in the first and 
second lumbar segments than in the twelfth thoracic and the third and 
lower lumbar segments. In many instances more than one accessory 
ganglion may be found in a single segment. 

The accessory sympathetic ganglions vary in size from aggregates ot 
a few ganglion cells to masses comprising hundreds or thousands of 
ganglion cells. Some are located in sympathetic roots. ‘They are mainly 
ganglions of small size. Some are located in relation to white commu 
nicating rami. They vary in size within a wide range. Some of them 
lie partly or wholly imbedded in the proximal portion of the ramus and 
in part within the nerve trunk. Some lie imbedded in the nerve trunk 
or adjacent to it either proximal or distal to the origin of the white com 
municating ramus (fig. 2C and D). Still others are located in relation 
to interconnecting rami or in plexiform structures adjacent to the nerves. 
The approximate locations of all the accessory sympathetic ganglions 
detected in a histologic study of the nerves in the lower thoracic and the 
lumbar segments on the right side in a single cadaver are indicated in 
figure 3 
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Che ganglion cells in the accessory sympathetic ganglions are com- 


parable cytologically to those in the sympathetic trunk ganglions (fig. 


24 and B). In favorable silver preparations the inclusion of some of 


Fig. 2.—Photomicrographs from sections of accessory sympathetic ganglions 
located in relation to spinal nerve trunks. A and B show the multipolar character of 
ganglion cells in silver preparations, C ganglion imbedded in a nerve trunk at the 
origin of the white communicating ramus and |) ganglion partly imbedded in a 
nerve distal to the white communicating ramus 


the ganglion cells in conduction pathways which are independent of the 
sympathetic trunk can be demonstrated. 
\n accessory ganglion which is located in a sympathetic root prob 


ably receives preganglionic fibers which traverse the sympathetic trunk 
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and reach the ganglion via the sympathetic root. If it lies in close prox 
imity to the spinal nerve, it might receive some preganglionic fibers 


directly through the ventral nerve root. Our data relative to this possi- 


bility are not conclusive. The postganglionic fibers which arise in the 
ganglion join the spinal nerve. An accessory ganglion which is located 
in the proximal portion of a white communication ramus, in part in the 
white ramus and in part or wholly in the nerve trunk receives pregang- 
lionic fibers mainly or exclusively which approach it directly through the 
ventral nerve root. In favorable sections bundles of ventral root fibers 
can be traced distalward from it in the spinal nerve. These relationships 
are illustrated diagrammatically in figure 4.4. When accessory ganglion 


Fig. 3.—Diagrammatic drawing of the spinal nerves, the interconnecting and 
he communicating rami and the sympathetic trunk showing the approximate 
positions (solid black) of all the accessory sympathetic ganglions observed in the 
twelfth thoracic to the third lumbar segment inclusive on the right side in a single 
body 


cells are located in a white communicating ramus some distance from the 
spinal nerve, they may send their axons into the sympathetic trunk. 

rhe preganglionic and the postganglionic connections of the accessory 
sympathetic ganglions which are located adjacent to the spinal nerves or 
their proximal rami are less obvious than those of ganglions which are 
imbedded in the nerves. In the sections available for study, some con 
nections of the ganglions with the nerves adjacent to which they lie could 
be demonstrated. Most of these ganglions also were connected with 


rami which were not wholly included in the sections. Some of the latter 





KUNTZ-ALEX ANDER—SYMPATHETIC PATHWAYS 1013 


rami probably convey preganglionic fibers from adjacent segments. Post 


ganglionic fibers which arise in these ganglions also extend distalward 


in rami which join nerves in adjacent segments 

The connections of individual accessory ganglions are diverse. In 
one instance, as observed in serial silver sections of the twelfth thoracic 
nerve and adjacent tissue, a small ganglion was imbedded in the nerve 


trunk distal to the white communicating ramus. Two small ganglions 


Fig. 4 1, diagrammatic representation of sympathetic conduction pathways 
which do not traverse the sympathetic trunk. #8, diagrammatic representation of 
sympathetic conduction pathways with synaptic connections in a ganglion in the 
nerve trunk, a ganglion located adjacent to it and ganglion cell groups im an inter 
connecting ramus, based on serial sections of a twelfth thoracic nerve prepared 
by the silver method of Nonidez. C, diagrammatic representation of sympathetic 
conduction pathways with synaptic connections in ganglions imbedded in the nerve 
trunk and one located adjacent to it, based on serial sections of a second lumbar 
nerve prepared by the silver method of Nonidez. D), diagrammatic representatior 
of sympathetic conduction pathways with synaptic connections in a ganglion located 
adjacent to the ventral surface of the nerve trunk, based on serial sections of a 
third lumbar nerve prepared by the silver method of Nonidez. a, accessory sympa 
thetic ganglions; /nt. F., intercommunicating ramus; Pre., preganglionic fibers 
Post., postganglionic fibers; [”.R., ventral nerve root 


were imbedded in the interconnecting ramus leading to the first lumbar 


nerve \ larger ganglion was located adjacent to the nerve distal to the 
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interconnecting ramus. This ganglion was connected with the twelfth 
thoracic nerve by two or more rami and with the interconnecting ramus 
by a slender filament of nerve fibers. Ventral root fibers of the twelfth 
thoracic nerve could be traced into the ganglion through its proximal 
connections with the nerve. Postganglionic fibers could be traced from 
the ganglion through its distal connection with the nerve. These rela- 
tionships are illustrated diagrammatically in figure 4B. Certain rami 
connected with this ganglion obviously did not join the twelfth thoracic 
nerve. Their relationships could not be fully determined since they were 
not wholly included in the sections. Postganglionic fibers from the 
ganglions in the interconnecting ramus extended toward the first lumbar 
nerve. 

Silver sections of a second lumbar nerve, as illustrated diagram 
matically in figure 4 C, revealed three small ganglions imbedded in the 
nerve trunk and one adjacent to it. All but one of these were located 
distal to the white communicating ramus. Ventral root fibers could be 
traced distalward in the nerve trunk. Probably all the cells in these 
ganglions were incorporated in conduction pathways which were inde- 
pendent of the sympathetic trunk. 

Silver sections of a third lumbar nerve, as illustrated diagrammati 
cally in figure 4D, revealed a relatively large accessory sympathetic 
ganglion lying ventral to the nerve and in intimate proximity to it. This 
ganglion was connected with the ventral nerve root through a slender 
ramus which apparently conveyed preganglionic fibers. It was also 
attached to the nerve trunk by two rami which conveyed postganglionic 
fibers. Several other rami connected with the ganglion could not be 
traced into relationship with the third lumbar nerve. This ganglion 
probably received preganglionic fibers of more than one segmental origin. 
It also gave rise to postganglionic fibers which joined neither the third 
lumbar nerve nor the sympathetic trunk. 


SURGICAL IMPLICATIONS 


Relationships of accessory sympathetic ganglions to the twelfth tho- 
racic and the first, second and third lumbar nerves similar to those 
described above could be multiplied indefinitely. In most of the bodies 
examined in detail the accessory ganglions observed in the twelfth tho 
racic to the third lumbar segment were sufficiently numerous and of 
ample magnitude to account for a large number of sympathetic conduc 
tion pathways which do not traverse the sympathetic trunk. Most of 
these pathways reach their peripheral destinations through the somatic 


rami of the spinal nerves. Some probably join the plexuses associated 


with the aorta and its branches and reach their peripheral destinations 
through visceral nerves. 
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As observed by Boyd and Monro,'” accessory sympathetic ganglions 
may occur also in the fourth and fifth lumbar segments, particularly in 
relation to the sympathetic roots of the spinal nerves. We have observed 
no accessory ganglions in man caudad to the third lumbar segment 

Residual sympathetic activity in the twelfth thoracic and the first, 
second and third lumbar dermatomes, following extirpation of the sym 
pathetic trunks from the tenth or higher thoracic to the third lumbar 
segment inclusive, has been demonstrated physiologically in so many 
patients that it cannot be regarded as an uncommon phenomenon.’ Boyd 
and Monro" also reported the presence of accessory sympathetic gang 
lions in the communicating rami and the primary divisions of the first 
and second lumbar nerves, as revealed in material obtained at autopsy 
from one of their patients in which residual sympathetic activity had been 
observed after sympathectomy. 

The anatomic demonstration of accessory sympathetic ganglions 
related to all the spinal nerves from the twelfth thoracic to the third lum 
bar inclusive in the present study corroborates the physiologic demon 
stration of residual sympathetic activity in the corresponding dermatomes 
following extirpation of the sympathetic trunk. The data obtained also 
indicate the anatomic relationships of the sympathetic conduction path 
ways which remain intact following surgical removal of the sympathetic 
trunks. The ganglion cells which are imbedded in a spinal nerve in 
general receive preganglionic fibers directly through the ventral root of 
that nerve and in turn send their axons distalward in the nerve trunk 
and its peripheral rami. The conduction pathways in which they are 
incorporated, consequently, do not deviate from the spinal nerve and its 
branches. Many of the ganglion cells which lie adjacent to a spinal 
nerve likewise receive preganglionic fibers through its ventral root and in 
turn send their axons distalward in the nerve trunk. The conduction 
pathways in which they are incorporated lie within the nerve or close 
to it throughout their entire courses. Some ganglion cells which lie 
adjacent to a spinal nerve receive preganglionic fibers derived from 
another spinal nerve, usually the one in the next segment rostrad. Their 
axons may extend distalward in the nerve adjacent to which they are 
located to traverse a ramus which joins another nerve, usually the one 
in the next segment caudad. The axons of some ganglion cells located 
adjacent to spinal nerves probably traverse slender rami which join the 
plexuses on the aorta and the mesenteric arteries. Such ganglion cells 
are incorporated in pathways which conduct sympathetic impulses to 
visceral blood vessels or other visceral effectors. These pathways also 


are independent of the sympathetic trunks. The existence of splanchnic 


sympathetic conduction pathways which do not traverse the sympathetic 
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trunk also is indicated by certain data which indicate residual splanchnic 
vasomotor activity following extensive extirpation of the thoracolumbar 
sympathetic trunk and splanchnicectomy.’ 

The residual sympathetic activity observed in the skin following 
thoracolumbar sympathectomy appears to be limited to the twelfth tho- 
racic and the first, second and third lumbar dermatomes.'*:” This con 
clusion does not preclude the occurrence of accessory sympathetic 
ganglions in segments caudad to the third lumbar segment. 

\ccessory sympathetic ganglions caudad to the third lumbar segment 
would be relatively unimportant after extirpation of the thoracolumbar 
sympathetic trunk, since the spinal nerves caudad to the second or third 
lumbar segment do not convey sympathetic preganglionic fibers. Unless 
such ganglions should receive preganglionic fibers through rami derived 
from nerves rostrad to the third lumbar segment, they would in most 
instances be deprived of their preganglionic connections by removal of 
the lumbar portion of the sympathetic trunk to the third lumbar segment. 
Residual sympathetic activity in dermatomes lower than the third lumbar 
consequently should not be expected. 

rhe sympathetic conduction pathways in the twelfth thoracic and 
the first, second and third lumbar segments which do not traverse the 
sympathetic trunk obviously are not interrupted by sympathetic trunk 
extirpation. Complete sympathetic denervation of the lower parts of the 
body, including the lower extremities, requires interruption or blocking 
of these pathways. In view of their anatomic relationships, interruption of 
these pathways appears to necessitete interruption of the ventral roots 
of the nerves through which the preganglionic fibers reach the accessory 
sympathetic ganglions. 

\s reported by Ray and Console, Cone® has devised an operative 
procedure in which the ventral roots of the twelfth thoracic and the first 
and second lumbar nerves are resected in addition to extirpation of the 
sympathetic trunk from the eighth to the twelfth thoracic segment. This 
procedure presumably resulted in) complete sympathetic denervation 
of the lower extremities. Ray and Console ' also combined resection 


of the ventral roots of the twelfth thoracic and the first and second lum- 


har nerves with extirpation of the thoracolumbar sympathetic trunk. 


According to their account, division of the ventral roots of the twelfth 
thoracic and the first and second lumbar nerves resulted in no recogniz 
able motor defects in the lower extremities. The cremasteric reflex was 


abolished in male patients. They have advanced the conclusion that the 


5. Ray, B. S., and Console, A. D.: Evaluation of Total Sympathectomy, Am 


Surg. 130:652-673, 1949 


Cone, W. V.: Personal communication cited by Ray and Console.'# 
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residual sympathetic innervation in the twelfch thoracic to the third lum 
bar segments following extirpation of the thoracolumbar sympathetic 
trunk is derived chiefly through the ventral root of the first lumbar nerve 
but in part also through the ventral roots of the twelfth thoraci and 
second lumbar nerves. This conclusion is supported by the anatomic 
data obtained in the present study In one patient Ray and, Console 
observed limited residual sympathetic activity in the upper, part ot 
the thigh after extirpation of the sympathetic trunk from the eighth 
thoracic to the first lumbar segment inclusive and section of the ventral 
roots of the twelfth thoracic and the first and second lumbar nerves. This 
also is in accord with our anatomic demonstration of accessory sym 
pathetic ganglions related to the third lumbar nerve and preganglionic 
fibers in its ventral root. The frequency with which preganglionic fibers 
occur in the third lumbar nerve cannot be stated. In the absence of 
preganglionic fibers in this nerve, accessory sympathetic ganglion cells 
in the third lumbar segment undoubtedly would receive preganglionic 
fibers from the second lumbar nerve 

In view of the anatomic relationships of the sympathetic conduction 
pathways which do not traverse the sympathetic trunks, resection of the 
ventral roots of the twelfth thoracic and the first and second lumbar 
nerves in conjunction with extirpation of the thoracolumbar sympathetic 
trunk represents the nearest approach to complete surgical sympathetic 
denervation of the lower extremities which has as yet been accomplished 
In the absence of sympathetic conduction pathways in the third lumbar 
segment which are independent of the sympathetic trunk, complete sym 
pathetic denervation of the lower extremities probably can be achieved 
by the surgical procedure outlined above. If resection of the ventral root 
of the third lumbar nerve could be added to this procedure, complete 
sympathetic denervation of the lower extremity probably could be accom 
plished in nearly all cases. Resection of the ventral root of the third 
lumbar nerve would, however, result in unwanted motor defects 

Since most of the sympathetic conduction pathways which are ind 
pendent of the sympathetic trunks traverse somatic rami of the spinal 
nerves, such pathways must be more significant in the sympathetic inner 
vation of peripheral areas than they are in the innervation of splanchnic 
areas. Section of the ventral roots of the twelfth thoracic and the first 
and second lumbar nerves in conjunction with extirpation of the tho 
racolumbar sympathetic trunk, nevertheless, probably results in more 
complete splanchnic sympathetic denervation than extirpation of the 
thoracolumbar sympathetic trunk alone or in conjunction with splanch 


nicectomy Ventral root section, however, probably is less significant 


in the treatment of hypertensive patients than in the treatment of patients 
with peripheral vascular disease 
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SUMMARY 


The anatomic relationships of accessory sympathetic ganglions in 
the lower thoracic and the lumbar segments in man have been studied 
in a series of dissections and in neurohistologic preparations. Such 
ganglions have been observed in one or more segments from the twelfth 
thoracic to the third lumbar segment inclusive in all the bodies examined. 
Most of them are located in relation to the spinal nerve trunks and their 
interconnecting rami. Some lie imbedded in the nerves. Most of the 
ganglion cells are synaptically related to preganglionic fibers which reach 
them directly through the ventral nerve roots. In turn their axons 
extend distalward in the somatic rami of the spinal nerves. Some acces- 
sory ganglions receive preganglionic fibers from more than one spinal 
nerve. Some also give rise to postganglionic rami which do not join 
the spinal nerves but find their peripheral distribution through the 
aortic plexuses and the mesenteric nerves. 

In view of their anatomic relationships, most of the conduction path 
ways in which the accessory sympathetic ganglion cells are incorporated 
are independent of the sympathetic trunk. They are not interrupted by 
extirpation of the sympathetic trunk. They are interrupted by section 
of the ventral nerve roots. Except in the presence of preganglionic 
fibers in the third lumbar nerve, resection of the ventral roots of the 
twelfth thoracic and the first and second lumbar nerves, in conjunction 
with extirpation of the thoracolumbar sympathetic trunk, should result 
in complete sympathetic denervation of the lower extremities. This 


operative procedure also results in more complete splanchnic sympathetic 
denervation than extirpation of the thoracolumbar sympathetic trunk 
alone or in conjunction with splanchnicectomy. 





MESENCHYMAL TUMORS OF THE STOMACH 
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A HOUGH from a clinical viewpoint mesenchymal tumors of the 
stomach are often considered rare, they actually constitute a signif- 
icant percentage of gastric neoplasms and frequently present a real 
challenge in differential diagnosis and treatment. Because there is 
usually little to distinguish these tumors in their clinical behavior from 
epithelial neoplasms, the diagnosis is seldom made until the specimen is 
examined in the pathologic laboratory. This discussion deals with a 
general consideration of the problem and a review of the cases of 
mesenchymal tumors of the stomach encountered at the Detroit Receiving 


Hospital during the past twenty-six years. 


CLASSIFICATION 


Included in the group of mesenchymal tumors are all neoplasms 
arising from the various components of the gastric wall, exclusive of the 
surface lining, especially the glands, i.e., tumors arising from muscle, 
connective tissue, fat, nerve, blood vessels and lymphoid tissue. Many 
classifications have been proposed for gastric neoplasms based on clinical, 
surgical, roentgenologic or pathologic characteristics. However, any 
general classification should be based on the more fundamental aspects 
of cell type and histogenesis. Such a classification of mesenchymal 
tumors of the stomach is preposed in table 1. 

The various tumors have been divided into six groups based on the 
tissue of origin. The myogenous and fibroblastic are the commonest 
mesenchymal tumors of the stomach. Lipoblastic and endothelial tumors 
are interesting but rarely encountered. The neurogenous or nerve 
sheath tumors are included in this classification, although admittedly 
ectodermal in origin as shown by the work of Nageotte,’ Masson? and 


From the departments of pathology and general surgery, Wayne University 


College of Medicine and the Detroit Receiving Hospital 


1. Nageotte, J., in Penfield, W Cytology and Cellular Pathology of the 
Nervous System, New York, Paul B. Hoeber, Inc., 1932, vol. 1, pp. 191-239 


?. Masson, P Am. J]. Path. 8:367-388: 389-416, 1932 
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Murray and Stout.* Because of the intimate relation of lemoblasts and 
fibroblasts in the nerve sheaths, there is the possibility of inclusion of 
mesenchymal elements in neurilemomas and neurofibromas; further- 
more, there is difficulty in sharply separating these tumors histologically 
from those in the fibroblastic group.* 

Lymphomas are admitted under the classification proposed in this 
paper because of their mesenchymal derivation, although the propriety 
of employing the term sarcoma for these tumors is questionable because 
of the differences in their behavior when compared to other malignant 
mesenchymal tumors. Subdivision of this group is of slight advantage 
because it tends to deal with the various types of lymphoblastoma as 
separate entities when in reality they all represent the same disease. 
It has been shown by Gall and Mallory ® that there is no necessary 


correlation between the histologic picture and the anatomic distribution 
Paste 1.—Classification of Mesenchymal Tumors of the Stomach 


Histogenesis Benign Malignant 
Myogenous Leiomyoma Leiomyosarcoma 


Fibroblastic Fibroma Fibrosarcoma 
Myxoma Myxosarcoma 
Lipoblastic Lipoma Liposareoma 
Endothelial Hemangioma Malignant angio 
Lymphangioma endothelioma 
Jenign hemangio 
endothelioma 


Neurogenous Neurofibroma Neurofibrosarcoma 
Neurilemoma Malignant neurilemome 


Lymphogenous senign lymphoma Lymphoblastoma 


of these lesions, that “any type of cell may be associated with a localized 
process, with a generalized disease involving multiple organs without 
blood manifestations, and, in all probability, with the presence of signif 
icant numbers of the type cell in the circulation blood—leukemia, in 
fact.” Benign lymphoma is a rare entity, possibly nonexistent. 

In table 1 an attempt has been made to correlate these considerations 


and present a classification of mesenchymal tumors of the stomach based 


on histogenesis. With the exception of nerve sheath tumors, all have a 
common derivation from the embryonic mesoderm. The neoplasms so 
derived have separate and distinct characteristics. Of even greater 
importance, however, is the delineation of the malignant from the benign 
It should be emphasized that these are relative terms dependent on many 
factors and that accurate appraisal is often difficult. Such characteristics 


as rate of growth, invasion and destruction of tissue, ability to metas- 


3. Murray, M. R., and Stout, A. P Am. J. Path. 16:41-60, 1940; Anat. Ree. 
84: 275-293, 1942; Am. J. Path. 18:585-593, 1942 

4. Stout, A. P Clin. Proc. 5:1-12, 1946. 

5. Gall, E. A., and Mallory, T. B Am. J. Path. 18:381 
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tasize, encapsulation and differentiation of cells must be carefully 
evaluated before a diagnosis of malignant tumors is established. In the 
early stages, both clinical and histologic features may be vague and 
atypical ; later these features are usually more obvious. Some neoplasms 
may appear to be histologically malignant yet are clinically benign for 
long periods ; others may invade surrounding structures yet appear to be 
composed of well differentiated cells. Thus the problem of classification 


is difficult, and each case must be carefully scrutinized 


INCIDENCI 


The prevalence of nonepithelial tumors of the stomach is higher than 
it is commonly realized. Rigler and Ericksen® reported 187 gastric 
neoplasms in a series of 6,242 consecutive autopsies at the University of 
Minnesota Hospital, 7.15 per cent of which were benign nonepithelial 
tumors (leiomyoma and fibroma). Of the 931 benign tumors of the 
stomach collected from the literature by Minnes and Geschickter * (table 
2), 60.7 per cent were of nonepithelial origin. Carli * estimated that 
70 per cent of benign tumors of the stomach were of nonepithelial origin 
The reported incidence, however, will vary according to whether the 
series represent individual cases of clinical significance collected from 
the literature or consecutive autopsy or surgical specimens and the degree 
of care taken in a search for small, clinically insignificant lesions. This 
is well illustrated by Rieniets,? who, in a series of 200 consecutive 
autopsies, demonstrated one or more leiomyomas in 16 per cent of the 
stomachs, all of which were under 0.9 cm. in diameter 

The incidence of malignant mesenchymal tumors of the stomach also 
varies considerably in reports in the literature. [wing '" estimated that 
“sarcoma” comprised about 1 per cent of all gastric neoplasms, and 
Madding '' was in agreement with this, although Fenwick '* believed 
the figure to be from 5 to 8 per cent. Balfour and McCann ™ reported 
54 cases of sarcoma of the stomach, of which lymphosarcomas comprised 
71.3 per cent, fibrosarcomas 13.3 per cent and myosarcomas 6.7 per cent ; 
the ratio of sarcomas to carcinomas was | to 111 in a total of 4,159 cases 


of malignant gastric neoplasms in Balfour and McCann’s series 


6. Rigler, L. G., and Ericksen, L. G Radiology 25:6-15, 193¢ 


7. Minnes, J. F. and Geschickter, C. F Am. J. Cancer 28:136-149, 193¢ 

8. Carli, ( Arch. ital. di. chir. 40:441-474, 1935 

9. Rieniets, J. N Proc. Staff. Meet., Mayo Clin. §:364-366, 1930 

10. Ewing, J Neoplastic Diseases: A Treatise on Tumors, Philadelphia 

B. Saunders Company, ed. 4, 1940, p. 234 

11. Madding, G. F Proc. Staff. Meet., Mayo Clin. 14:202-205, 1939 

12. Fenwick, W. S Lancet 1:463-465, 1901 

13. Balfour, D. C., and MeCann, J. ¢ Surg., Gynec. & Obst. 50:948-953 
1930 
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MYOGENOUS TUMORS 

Leiomyoma.—This tumor outnumbers all other types in some 
reported series of benign tumors of the stomach, constituting 36.6 per 
cent of the series collected by Minnes and Geschickter (table 2) and 57.3 
per cent of collected series of 560 cases reported by Eliason and Wright.'* 
Generally, they are firm, smooth, sharply circumscribed tumors and may 
vary in size from a few millimeters in diameter to large masses weighing 
as much as 6 Kg.*® They occur in any portion of the stomach but seem 
to have a predilection for the prepyloric portion, where they may cause 
obstruction, A high percentage of them are subserosal, but frequently 
they present as submucosal pedunculated tumors which cause ulceration 


lapite 2.—I/ncidence of Benign Tumors Gathered from the Literatur 
(Minnes and Geschickter) 


Number of 
Type Cases Per Cent 
Kpitheltial (polyp, adenoma, papilloma) see 329 
Mesenchymal 
Leiomyomas.. . 341 
Neurofibromas...... 102 
PEDEOMROB..0c0ccscese : 42 
Lipomas..... 32 
Osteomas...... l 
Osteochondromas 
Myomas. 
Endothelial 
Hemangiomas 
Lymphangiomas. 
Endotheliomas 
Cysts 
Simple 
Dermoid 
Eehinoeoecus 


of the mucosa, resulting in severe hemorrhage. The majority are clini 
cally silent, but when symptoms occur they frequently take the form of 
definite syndromes. Pedunculated endogastric tumors may cause inter 
mittent “ball-valve” pyloric obstruction, with attacks of cramping 


epigastric pain and vomiting ; intermittent episodes of gastric hemorrhage 


with long asymptomatic intervals are frequently seen with the larger 
tumors which cause ulceration; intussusception of the pylorus into the 
duodenum due to a pedunculated submucous myoma has been known 
to occur. '* 

Leiomyosarcoma,—Although representing only about 10 per cent of 
malignant mesenchymal gastric neoplasms, leiomyosarcomas are impor 
tant because of their slow growth and good surgical prognosis. It is 
frequently difficult to distinguish sharply between benign and malignant 


Eliason, FE. 1... and Wright, V. W. M.: Surg., Gynec. & Obst. 41:461-472 


Conway, J. N Ann. Surg. 33:792-807. 1936. 
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myomatous tumors of the stomach either clinically or pathologically 
Both usually arise from the muscularis. A leiomyosarcoma may develop 
in a preexisting leiomyoma. Frequently they attain a large size, are 
solid or contain areas of cystic degeneration and may occur as pedun- 
culated endogastric, intramural or exogastric tumors. Pressure necrosis 
or frank ulceration of the overlying mucosa often occurs, with resultant 
severe hemorrhage. Morphologically the tumors vary from cellular 
myoma to spindle cell sarcoma. They may remain localized for long 
periods and tend to grow by expansion but may infiltrate adjacent tissue 
and metastasize late. They involve chiefly the lesser curvature, usually 
the pyloric antrum and rarely the pylorus and cardia. 

Clinically there are no pathognomic signs of leiomyosarcoma of the 
stomach although the triad of epigastric distress or pain, bleeding in the 
upper part of the gastrointestinal tract and a palpable mass in the upper 
region of the abdomen is frequently present, should arouse suspicion and 
should always be included in the differential diagnosis of upper gastro- 
intestinal hemorrhage. The average age of the patient is iower than that 
encountered in cases of carcinoma of the stomach. In a series of 14 cases 
reported by Lemon and Broders '® the average age of the patients was 
46.6 years. Several authors have reported cases in which the ratio of 
males to females was about 2 to 1.'7 The onset of symptoms is usually 
insidious, and many months or years may elapse before the patient seeks 
medical aid. The average duration of symptoms in the series reported 


6 


by Lemon and Broders '® was three and one-half years, one of the 
patients having had gastric symptoms for fifteen years. Usually the 
weight loss, debility and cachexia seen in carcinoma are not present 
Recently Schindler and others '* reported the gastroscopic and roent- 
genologic findings in 4 cases. They stated that it should be possible to 
make the correct gastroscopic diagnosis and that, with confirming 
roentgen signs “the preoperative diagnosis of leiomyosarcoma of the 
stomach is in the realm of possibility.” 


FIBROBLASTIC TUMORS 
Fibroma.—Fibromas arise from the connective tissue of the gastric 
wall. They occur much less frequently than leiomyomas, representing 
only 4.5 per cent of the 931 benign tumors of the stomach reported by 


Minnes and Geschickter (table 2). They may occur as single or multiple 


16. Lemon, R. G., and Broders, A. ( Surg., Gynec. & Obst. 74:671-680 
1942 


17. D’Aunoy, R., and Zoeller, A Am. J. Surg. 9:444-464, 1930. Balfour and 
McCann.!% Lemon and Broders.1® 

18. Schindler, R.; Blomquist, O. A.; Thompson, H. L., and Pettler, A. M 
Surg., Gynec. & Obst. 82:239-252, 1946 
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lesions, pedunculated, sessile or intramural, and may vary from small 
growths a few millimeters in diameter to masses weighing from 3 to 5 
Kg. They occur two or three times more frequently in the pyloric end 
than in any other portion of the stomach.'* They may simulate peptic 
ulcer and may cause obstruction or hemorrhage. Histologically they are 
composed of fibrocytes and collagen, vary in degree of cellularity and 
are well encapsulated. 

Fibrosarcoma.—This tumor occurs somewhat more frequently than 
leiomyosarcoma, constituting 13.3 per cent of the 54 gastric sarcomas 
reported by Balfour and McCann.'* In a series of 135 gastric sarcomas 
reported by D’Aunoy and Zoeller '* there’ were seven fibrosarcomas, or 
an incidence of about 5 per cent. They arise from the connective tissue 
of the stomach, usually from the submucosa, may reach a large size and 
tend to be well demarcated. They may remain intramural but more 
frequently grow outward to form pedunculated exogastric lesions. They 
are usually slow growing and tend to metastasize late. However, infil- 
trating forms do occur, and these forms are more difficult to treat 
surgically. The histologic picture may vary from well differentiated 
fibrocytes in the slowly growing tumors to the highly anaplastic cells in 
those rapidly growing. The symptomatology is much the same as that 
produced by leiomyosarcomas and will depend on such factors as 
obstruction, hemorrhage and metastasis. Counsellor and Collins‘ 
recently reported a case of successful resection of a gastric fibrosarcoma 
measuring 11 cm. in diameter in a 65 year old white man. 

The diagnosis of myxoma and of myxosarcoma occasionally appears 
in the literature, but these are atypical fibromas and fibrosarcomas which 


have acquired an edematous or mucinous stroma. 


LIPOBLASTIC TUMORS 


Lipoma and Liposarcoma.—Lipoma of the stomach is not as rare as 
might be expected, occurring in 3.4 per cent of 931 cases of benign 
tumors of the stomach reported by Minnes and Geschickter (table 2). 
Scott and Brunschwig *° in 1946 reviewed the world’s literature and 
tound a total of 39 cases reported, of which 22 had been encountered at 
operation. They may occur in either the subserosal or the submucosal 
position, the latter being more frequent. They may be sessile or pedun 
culated. Hobbs and Cohen *! recently reported a case of submucous 


lipoma causing intussusception of the pyloric end of the stomach into the 


duodenum, which was successfully reduced and resected. Catell 2? 


9. Counsellor, U. S., and Collins, D. (¢ Ann. Surg. 102:34-36, 1935 
Scott, O. B., and Brunschwig, A Arch. Surg. 52:253-259, 1946 

. Hobbs, W. N., and Cohen, S. E Am. J. Surg. 71:505-518, 1946 
Catell, R. B Lahey Clin. Bull. 3:34-38, 1942 
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reported a case of a dumbell-shaped lipoma which had projected through 


the gastric wall along the course of vessels, 


Liposarcoma of the stomach is rare, the 


being that of Abrams and Turberville,** who 


infiltrating tumor of the stomach occurring 


causing hemorrhage 
only case in the literature 
in 1941 reported a diffusely 


na 52 year old man; on 


histologic examination the neoplasm was found to be composed of 
lipoblasts 
NEUROGENOUS 


rUMORS 


Veurofibroma.—Neurofibromas are peripheral nerve tumors derived 
ultimately from the neural crest and directly from nerve sheath cells 
\lthough neurofibroma of the stomach has been considered rare, it con- 
stituted 10.9 per cent of the series of benign gastric tumors collected 
(table 2); the 


period from 1907 to 1927 at the Mayo Clinic 65 cases of benign tumors 


from the literature by Minnes and Geschickter vet in 
of the stomach were encountered, with no instance of neurofibroma. 
Paul and Chapman *° in 1945 reported 3,000 consecutive cases of gastric 
neoplasm, among which there were 13 cases of benign tumor including 
1 neurofibroma. Root °° in 1942 reported 17 cases of benign tumor of 
the stomach among 250,000 patients admitted, of which 3 were cases of 
neurofibroma. It must be concluded from these figures that this lesion 
constitutes approximately 0.5 per cent of all gastric neoplasms and about 
5 per cent of benign tumors of the stomach. 

Neurofibromas occur as single or multiple, firm, discrete lesions 
arising in the subserosa or submucosa, usually along the lesser curvature 
They may or may not be associated with generalized neurofibromatosis. 
The histologic picture is one of coils of nerve sheaths in a matrix of 
dense, fibrous tissue. Symptomatology will depend, as with other benign 
tumors, on the position and size of the tumor, ulceration and other 
the 


That neurofibromas of the stomach may undergo malignant trans 


factors, many of lesions remaining clinically silent. 
and 15 


per cent of neurofibromas of the skin become malignant, and Stout has 


formation is well known. It is generally stated that between 8 


stated the figure to be 20 per cent. There seems no reason to believe 
that the same statement could not apply to neurofibromas elsewhere 


Neurofibrosarcoma.—This tumor is also referred to as neurogeni 


sarcoma and neurosarcoma and represents the malignant counterpart of 
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neurofibroma. They are exceedingly rare; only a few cases have been 
reported’ in the literature (Ewing,’® Hartmann ** Shouldice *°). In a 
series of 135 sarcomas of the stomach collected from the literature by 
D)’Aunoy and Zoeller,"’ the diagnosis of neurosarcoma was made once, 
in a case reported by Daks in 1926 of a 16 year old girl who underwent 
gastric resection and was well five years later. Ewing '° classified these 
tumors histologically into three groups: (1) the sclerosing fibrosarcoma 
type, (2) spindle cell neurosarcoma and (3) cellular anaplastic neuro- 
sarcoma, representing increasing degrees of malignancy. The majority 
are composed of long spindle-shaped cells with scanty cytoplasm collected 
into interlacing bands or cords. Stout ** showed with special stains that 
there are abundant reticulin or collagen fibers separating the cells and 
wrapping themselves around the ends of the cells. These tumors may be 
vascular. They may form large masses which project into the lumen of 
the stomach. The symptomatology is that of a gastric tumor and depends 
on the size, position, ulceration, hemorrhage and metastasis. 
Neurilemoma.—Although neurilemomas have been recognized as 
pathelogic entities since first described by Verocay in 1908,*° it has not 
been until recent years that their relatively frequent occurrence in asso- 
ciation with peripheral nerves, including the nerves of the gastrointestinal 
tract, has been appreciated. As with neurofibromas, there has been a 
controversy in regard to the histogenesis of these neoplasms. Penfield *' 
believed them to be of mesodermal origin and named them perineural 


fibroblastomas; Bailey and Herrmann ** also adhered to this theory. 


Masson,” however, has shown, in the experimental production of these 
tumors, that they arise from the schwannian syncytium, and he suggested 
the name schwannoma. Stout “’ also expressed the belief that they are 
of nerve sheath origin and has suggested the name neurilemoma, a term 
which is coming to be generally used. 

Many authors have not distinguished sharply between neurofibroma 
and neurilemoma, and in some instances the distinction is difficult to 
make. <A better understanding of the subject indicates that the funda- 
mental difference between the two is not great, and it is not a serious 


28. Hartmann: Bull. et mém. Soc. de chir. de Paris, 37:41-49, 1911 

29. Shouldice, E.: Canad. M. A. J. 15:66-72, 1925. 

30. Verocay, J.: Festschrift Hans Chiari aus Anlass seines 25 jahrigen Pro 
fessoren-Jubilaums gewidmet, Vienna & Leipzig, W. Braumiiller, 1908, pp. 378 
415 

31, Penfield, W., and Young, A. W.: Arch. Neurol. & Psychiat. 23:320-344, 
1930. Penfield, W.: Surg., Gynec. & Obst. 45:178-188, 1927; Cytology and 
Cellular Pathology of the Nervous System. New York, Paul B. Hoeber, Inc., 
1932, vol. 3, pp. 953-991. 

32. Bailey, P., and Herrmann, J. D.: Am. J. Path. 14:1-38, 1938 

33. Stout, A. P Am. J. Cancer 24:751-796, 1935. 
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matter that the two neoplasms are not always differentiated. In certain 
reported series qi cases, no attempt was made to separate neurilemomas 
from neurofibromas. Histogenetically, the two appear to be closely 
related but their histologic appearance and malignant potentiality are 
somewhat different. 

Nerve sheath tumors are not listed in the reviews of Eliason and 
Wright '* or of Minnes and Geschickter.* However, Stout in 1935 
collected 194 cases from the literature of peripheral nerve sheath tumors 
and added 52 new personally observed cases, making a total of 246 
tumors, of which 35, or 14.2 per cent, occurred in the stomach.** Ina 
more recent study, however, Stout ** has come to the conclusion “that 
the vast majority of all reported neurilemomas of the intestinal tract 
are in fact smooth muscle tumors. The error is due to the fact that there 
is a great tendency for the gastrointestinal leiomyomas to palisade their 
nuclei.” The true incidence, therefore, remains doubtful. 7 

These neoplasms usually occur in the anterior wall of the stomach 
as subserosal or submucosal pedunculated tumors and may reach a large 
size ; they are firm, spherical and encapsulated. Histologically, two types 
are described: Type A is composed of long argentophilic fibers running 
between groups of anastomosing cells which appear in parallel rows, 
the so-called palisading of nuclei, and type B, in which the cellular 
arrangement is disorderly or fascicular with large cells, has anastomosing 
protoplasmic processes and shows areas of microcystic degeneration 

Symptomatology depends on such factors as pyloric obstruction, 
ulceration and size of the tumor. Sanguily and Blanco * recently 
reported a case of a large neurilemoma occupying the entire gastric 
lumen and producing a roentgenologic appearance of a bezoar. The 
patient complained of indigestion and distention. Periodic severe 
hemorrhages may occur. Many of the small tumors may remain 
asymptomatic. 

Malignant Neurilemoma.—Cases of apparent malignant trans 
formation of a neurilemoma and 1 case of recurrence ** have been 
reported, but such cases are rare. 


Hemangioma, Lymphangioma and Benign Hemangioendothelioma. 


These lesions are rarely encountered in the stomach, constituting 3 per 
cent of the benign tumors reported by Minnes and Geschickter.’ They 
usually occur in the middle third of the anterior wall as single, smooth, 
soft, bluish black to red submucous tumors verying from 2 to 8 cm. in 
diameter. The microscopic picture is that of endothelium-lined channels 
or spaces representing capillaries or larger lacunas with varying amounts 


of adventitial tissue. They tend to ulcerate easily and may cause severe 
hemorrhage. 


34. Stout, A. P. Clin. Proc. §5:1-12, 1946 
35. Sanguily, J., and Blanco, F. I Surgery 17:328-336, 1945 
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Malignant Hemangioendothelioma (Angiosarcoma).—This is a rare 
lesion representing the malignant counterpart of hemangioma. There 
was but one angiosarcoma in the series of 135 cases of sarcoma of the 
stomach reported by D’Aunoy and Zoeller.’ Lemon and Broders " 
reported 2 cases encountered at the Mayo Clinic between 1908 and 
1938. The tumors are usually well circumscribed, may be pedunculated 
and do not tend to infiltrate. Microscopically they are composed of 
immature endothelial cells attempting to form vascular channels. In 
symptomatology they may closely simulate other malignant neoplasms 
of the stomach. It should be mentioned that angiosarcoma is a term 
often carelessly and inaccurately applied to richly vascular neoplasms 


Paste 3 Inalysis of 359 Neoplasms of the Stomach Found at Operation or at 
Vecropsy at the Detroit Receiving Hospital 1922 to 1948 
Operation Necropsy Total Pereentage 
Epithelial 


Benign.. - 2 
Malignant 129 


Total 
Mesenchymal 
Benign 
Leiomyoma 
Fibroma 
Lipoma 
Neurilemmoma 
Neurofibroma 


Total 
Malignant 
Leiomyosarcoma 
Malignant lymphoma 


Total 
Total mesenehymal tumors 


Total of all tumors 


LYMPHOGENOUS TUMORS 


\lthough neoplasms arising from lymphoid tissue are included in 
the classification of mesenchymal tumors, they will not be discussed 
in this paper but will rather be included in a forthcoming presentation 
on lymphomas of the gastrointestinal tract. 


PRESENTATION OF CASES 


lhe original cases of mesenchymal tumors of the stomach being 
reported in this paper represent both autopsy and surgical material 
encountered at the Detroit Receiving Hospital in the years 1922 to 
1948. In a series of 10,679 consecutive autopsies there were 208 gas- 


tric neoplasms, 25, or 14 per cent, of which were of nonepithelial origin 


Of 151 gastric neoplasms removed surgically during the same years, 


10, or 6.6 per cent, were of mesenchymal origin. In the autopsy and 
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surgical series there was a total of 359 neoplasms, of which 33, or 9.2 


per cent, were benign; 20, or 60 per cent, of the benign tumors were 
of mesenchymal origin. These figures are essentially in agreement with 
those reported by authors referred to previously. Of the total of 


359 gastric tumors, 326 were malignant; 15, or 4.6 per cent, were 


mesenchymal tumors, an incidence somewhat higher than the commonly 
quoted figure of 1 per cent of all gastric neoplasms. The relative inci 
dence of each of the various types given in tables 3 and 4 generally 
approximates the incidence reported in the literature. The significant 
clinical and pathologic aspects of the 23 cases of mesenchymal tumors 
in this series are summarized in table 5. 

The four leiomyomas were incidentaiity found at necropsy; the 
largest measured 2 cm. in diameter. All these had been asymptomatic 


during the patient's life. Two of the tumors were in the anterior wall 


Paste 4.— Mesenchymal Tumors of the Stomach at Detroit Recewin 
Hospital 1922 to 1948 


ratior 


rumors 


Epithelial 
Mesenchymal 


rotal 


of the middle third of the stomach, and the other two were found in the 
cardiac portion 

Kight fibromas of the stomach were encountered at autopsy, tour 
in men and four in women. ‘The average age was 65 years The 
fibromas varied from single isolated lesions to multiple small nodules 
involving both anterior and posterior walls. The largest measured 
8 cm. in diameter and was ulcerated. All of them had been asympto 
matic during life. 

Five cases of neurofibroma of the stomach were encountered, all at 
autopsy. Four of the patients were men and 1 a woman. ne of the 
growths (case 19) was found in a 35 vear old Negro with generalized 
neurofibromatosis involving the skin and the entire gastrointestinal 
tract; there was also a paraganglionoma of one suprarenal gland. The 
other 4+ patients had isolated gastric lesions,. their average age being 
71.2 years. This is in accord with the findings of Spuhler,** who 
showed that isolated gastric neurofibromas are found in a much older 
age group than is generalized neurofibromatosis, the youngest of 23 


patients with the former being 59 years of age. Of the four solitary 


36. Spuhler, O Frankfurt. Ztschr. f. Path. 48:149-170, 1935 





Taste 5.-—Cases of Nonepithelial Tumor of the Stomach Encountered at the 
Detroit Receiving Hospital 1922 to 1948* 


Gross Pathologie Microscopic Autopsy or 
Relevant History Changes Diagnosis Operation 
Myogenous Tumors 
Burning epigastric Nodule, 2 cm. diameter, Leiomyoms Autopsy 
pain, 3 mo. anterior wall; no ulcera- 
tion 
None 2 nodules, 1 em. diame Leiomyoma Autopsy 
ter, anterior wall 
None 2 nodules, 0.6em.diame- Leiomyoma Autopsy 
ter, fundus 
None 2 subserous nodules, 2 Leiomyoma Autopsy 
mm, diameter, cardia 
None Pedunculated mass, Leiomyosarcoma Autopsy 
5 em. diameter, 
greater curvature; 
no ulceration 
Weakness, 1 yr.: Infiltrating neoplasm Leiomyosarcoma Autopsy 
painin epigastrium of lesser curvature with 
and swelling abdo- 5 em. ulceration into 
men, 2 mo. lesser sac 
Weakness, tarry Pedunculated mass, 3 Leiomyosarcoma Local 
stools, 1 wk. em. diameter, anterior excision, 
wall, 8 em. above 4/19/46 
pylorus; encapsulated; 
no ulceration 
Fibroblastic Tumors 
None Subserosal! nodule, 5 Fibroma Autopsy 
mm. diameter, anterior 
wa 
None Multiple nodules, 4-8 Fibroma \utopsy 
mm, diameter, anterior 
wall 
None Round, smooth mass, Fibroma Autopsy 
8 cm. diameter, greater 
curvature; mucosa 
ulcerated 
None Subserous nodule, 2 em, Fibroma \utopsy 
diameter, anterior wall 
None Nodule, 1 em. diameter, Fibroma Autopsy 
lesser curvature 
None Nodule, 2 em. diameter, Fibroma Autopsy 
anterior wall 
None Multiple nodules, 5-10 Fibroma Autopsy 
mm. diameter, anterior 
and posterior walls 
Non Nodule, 1 em. diameter, Fibroma \utopsy 
anterior wall 


Lipoblastic Tumors 


None Soft submucosal mass, Lipoma Autopsy 
1.3 em. diameter, pylorus 
Neurogenous Tumors 
Soft polyp, 1 cm. diame Neurofibroma Autopsy 
ter, posterior wall pre- 
pylorie region 
Irregular multinodular Neurofibroma Autopsy 
mass, 6 x 4 cm. diame- 
ter, anterior wall, white, 
homogeneous; superficial 
ulcerated mucosa 
Multiple subeutane- Multiple, firm, diserete Neurofibroma: Autopsy 
ous tumors many nodules, 0.5 em. diame also pheochromo 
years; no gastric ter, anterior and poste eytoma, Von Reck 
symptoms rior walls linghausen’s gen 
eralized neuro 
fibromatosis of 
right adrenal 
Subserous, firm, cireum Neurofibroma \utopsy 
scribed nodules, 13 mm. 
diameter, anterior wall; 
another 18 x 10 mm., 
posterior wall 
None Firm, discrete nodule, Neurofibroma; Autopsy 
lem. diameter, poste also chromophobe 
rior wall adenoma, pituitary 
Intermittent hema Polypoid mass, 3 cm. Neurilemoma Gastric 
temesis for past 15 diameter, anterior wall; resection 
yr.; no pain no ulcer, encapsulated 3/447 
Epigastric distress Polypoid mass, 4 ¢m. Neurilemoma; Gastric 
smo.; 20lb. wt. loss diameter, lesser curva- also adenocar resection, 
ture 3 ¢m. proximal to cinoma, pylorus 1/9/45 
pylorus; infiltrating 
neoplasm of pylorus 


* Follow-up showed the patient in case 7 to be well on April 20, 1949, the patient in case 22 
to be living and well on March 11, 1949, and the patient in case 28 to have died after operation 
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neurofibromas of the stomach, the largest measured 6 cm. in diameter ; 
two occurred in the cardia and two in the middle third of the stomach. 
In the case of generalized neurofibromas the tumors measured between 
0.5 and 2 cm. in diameter. In all these cases the gastric lesions had 
been subclinical, being encountered incidentally at autopsy. 

Two neurilemomas of the stomach were encountered, both having 
been removed surgically. (ne occurred in a 42 year old woman 
(case 22) who had had repeated episodes of hematemesis over a fifteen 
vear period, remaining asymptomatic between attacks of bleeding. 
Jarium studies of the stomach revealed a filling defect on the greater 


curvature (fig. 1). At operation an intramural encapsulated mass 


Fig. 1 (case 22 Neurilemoma of stomach. Barium study of stomach show 
ing filling defect 


3 cm. in diameter was found and a subtotal gastric resection performed 


Microscopic examination revealed the tumor to be composed of spindle 


shaped cells arranged in whorls and palisades (fig. 2). The other 
neurilemoma was found incidentally a few centimeters from an infil 
23). 


trating carcinoma of the pylorus in a 66 year old man (case 2 

Of the three leiomyosarcomas of the stomach, two were encountered 
in men and one in a woman. The average age was 62.7 years. One was 
found incidentally in a 72 year old Negro woman who died of a cerebro 
vascular accident. This patient had a pedunculated mass 5 cm. in 
diameter extending into the lumen of the stomach from the middle 
third of the anterior wall, which apparently had been asymptomatic 
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The second case is important because of an unusual complication, that 
of perforation of the stomach through the tumor mass, which had 
involved the posterior wall, into the lesser sac. The patient died of 








N 











Fig. 2 (case 22).—Neurilemoma of stomach. Histologic appearance 
peritonitis; there had been a history of weight loss, epigastric distress 
and weakness for one year, and metastasis to regional lymph nodes 
had occurred. The third patient (case 7) was a 48 year old white 


man who came to the hospital with a history of weakness and tarry 
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stools for one week. An abdominal mass was not palpable. The gas 
troscopist reported : “hypertrophic gastritis, rule out benign tumor.” 
\ roentgen study of the gastrointestinal tract (fig. 3) revealed a “poly- 
poid defect of the midanterior wall, 5 cm. in diameter, probably repre 
senting a malignant neoplasm.” At operation a hard globular ballotable 
mass was found attached to the anterior wall of the stomach by a 


pedicle ; local resection was performed. This was a well circumscribed 


« e 
Me 


Fig. 3 (case 7).—Leiomyosarcoma of stomach Barium study of stomach 


showing polypoid defect of the midanterior wall 


tumor in the submucosa composed of cells containing a fairly large 
nucleus and abundant eosinophilic cytoplasm (fig. 4+). The cells were 
spindle shaped, and fasciculation was present \lthough no mitotic 
figures were seen, definite invasion of the submucosa was present. Thi 
patient was living and well three years after operation. These three 
cases represent the variations in clinical behavior which this type of 


neoplasm may present 
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(Since the completion of this study, an additional leiomyosarcoma 
has been encountered in a 60 year old white man who had had several 
episodes of bleeding in the upper part of the gastrointestinal tract for 








Fig. 4 (case 7).—Leiomyosarcoma of stomach. Histologic appearance. 


ten years. A firm sessile intramural tumor was found on the greater 
curvature of the fundus. Local excision was performed, with an une- 
ventful recovery. ) 
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TREATMENT AND PROGNOSIS 

The curative treatment of any gastric neoplasm is surgical excision. 
Benign nonepithelial tumors should be removed to avoid or alleviate 
such complications as hemorrhage, obstruction or malignant transforma- 
tion. Local excision may suffice for small tumors, but larger lesions or 
multiple lesions may require resection of a greater portion of the stom- 
ach to accomplish complete removal of the diseased area. The progno- 
sis following complete removal should be excellent. 

The treatment of malignant nonepithelial tumors of the stomach 
varies with the type of tumor and its distribution. All lesions of this 
group should be radically resected provided the tumor has not hope- 
lessly involved adjacent or distant structures or is a part of a generalized 
disease as in certain cases of malignant lymphoma. In the series of 
malignant nonepithelial tumors of the stomach reported by Balfour and 
McCann,'* 53 were operated on, of which 38 were resected, a rate of 
71.7 per cent; the operative mortality rate was 11.3 per cent. At the 
time their report was submitted 26 had died, the average duration of 
life being eleven months; however, the remaining 12 who were living 
had an average postoperative survival of five years. There appeared 
to be no relation between histologic type or presence of metastasis and 
the prognosis. Lemon and Broders '* reported 14 tumors consisting 
of 11 leiomyosarcomas, 2 angiosarcomas and 1 fibrosarcoma, of which 
11, or 78.5 per cent, were resected, with no operative deaths. Six 
patients had died at the time of their report, with an average duration 
of life of three years and four months; 6 others had been followed and 
were alive for an average period of four years. It is evident, therefore, 
that the five year survival rate following resection of malignant mesen- 
chymal tumor of the stomach may be expected to be about 25 to 30 per 
cent, a prognosis considerably better than that for carcinoma of the 
stomach. 

SUMMARY 


Mesenchymal tumors of the stomach are not infrequently encoun- 
tered in surgical practice, but there is little to distinguish them in their 
clinical behavior from epithelial neoplasms. A classification of mesen- 
chymal tumors of the stomach based on cell type and histogenesis has 
been presented. The incidence, diagnosis and treatment of each type 


of tumor have been discussed. Twenty-three cases of mesenchymal 


tumor of the stomach exclusive of lymphosarcoma encountered at the 
Detroit Receiving Hospital in the past twenty-six years have been 
included in this presentation. Of a total of 359 neoplasms of the 
stomach observed during this period of time, 35, or 9.8 per cent, were 
of mesenchymal origin, 20, or 5.6 per cent, of the total being benign 
and 15, or 4.2 per cent, malignant. Of the 35 mesenchymal tumors, 
57 per cent were benign and 43 per cent malignant. 
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i} abe IRTUNITIES to assess directly the effects of pharmacologic 
agents on large segments of exposed, intact human colon in the 
unanesthetized state have been rare. Such studies have been reported by 
Puestow ' and Weeks,’ and recently a new opportunity to study directly 
the appearance and function of the colon in four human subjects with 
fistulas became available. Previous reports have concerned themselves 


chiefly with motility functions. The present communication is based not 


only on observations of motility but also on a study of alterations 1 


color, degree of engorgement and fragility of the mucous membrane. 


SUBJECTS 

Subject A was a 26 vear old mechanic who had had chronic ulcera- 
tive colitis for six years. An ileostomy had been performed two years 
previously. Shortly after the ileostomy there occurred a large prolapse 
of ascending colon and cecum through an old cecostomy wound. The 
prolapsed area measured 7 by 2% inches (18 by 6 em.). A few areas 
of ulceration were noted on the surface of the membrane, particularly 
about the stoma, but the mucosa was otherwise intact (fig. 1). 

Subject B owas a 54 vear old merchant seaman who had a large 


prolapse of the descending colon and sigmoid for 13 vears after surgical 


Supported in part by grants from the Commonwealth Fund and the Estate 
of Lester N. Hofheimer 
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1. Puestow, C. B Intestinal Motility of the Dog and Man, Illinois Medical 
and Dental Monographs, vol. 2, no. 4, Urbana, IIL, University of Illinois Press, 1940 

2. Weeks, D Observations of Small and Large Bowel Motility in Man, 


Gastroenterology 6:185, 1946 
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colostomy for a rectal stricture. The Frei test gave a positive reaction. 
The exposed mucous membrane was of normal appearance. It measured 
8 by 3 inches (20 by 8 cm.). Herniated loops of small intestine could 
be identified through the mucosa of the prolapsed colon. 

Subject C was a 44 year old white man who had had ulcerative 
colitis for 14 years.* For one year he had had a small prolapse of 
ascending colon and cecum through a cecostomy wound. The area of 
prolapse measured 2 by 2 inches (5 by 5 cm.). The mucous membrane 


usually showed no lesion. 


SUBJECT B 


SUBJECT C SUBJECT C 


Fig. 1—QOver-all views of the four subjects with fistulas 


Subject D was a 64 year old white man who had had a prolapse of 
the midtransverse colon through a colostomy wound for eight months. 
The colostomy had been performed because of a rectal stricture resulting 
from sigmoid diverticulitis and abscess formation. The mucous mem- 
brane showed no structural change. 


METHODS 


Motility —The motor activity of the exposed colon was observed 


and photographed by means of still and motion pictures. In addition, 


3. Drs. Asher Winkelstein, Ralph Kaufman, Sidney Margolin and Franklin 
Hollander gave us permission to report these pharmacologic studies performed 
when one of us (W. J. G.) was an assistant clinical research fellow at Mount 
Sinai Hospital, New York 





1038 ARCHIVES OF SURGERY 


changes in intraluminal pressure were recorded from inflated balloons 
on a kymograph. Whenever possible, simultaneous recordings were 
made from areas in both the ascending colon and the descending or 


sigmoid colon. The location of the balloons was established by fluoroscopy. 


Blood Flow.—Color readings were recorded by comparing the color 
of the mucosa to an appropriately graded color scale standardized 
according to the method of Munsell.t| That color changes predictably 
reflect changes in blood flow has been demonstrated in the gastric 
mucosa by Richards, Wolf and Wolff.°. They found, in general, that 
the redder the membrane the greater the blood flow. A diminution in 
blood flow was recorded during congestion of the membrane in the 
presence of cyanosis. In these studies of the colon a cyanotic tinge was 
never noted; so it was inferred that hyperemia probably reflected 
increased blood flow. 

Lysosyme.—Lysozyme_ concentration in the secretion removed 
directly from the surface of the mucosa was measured by the viscosi 
metric method of Meyer and Hahnel.® 

Vucus Secretion——When scant in amount, the mucus secretion was 
designated as 1 plus. When the secretion was so abundant as actually 
to drip from the surface of the bowel, it was designated as 4 plus. Two 
and three plus were applied to conditions between these extremes. 

Fragility.—Fragility of the mucosa was estimated by applying a 
measured amount of negative pressure to the surface of the colon 
through a soft rubber catheter attached to a mercury U tube manometer. 
The other end of the manometer was connected to a syringe. The end 
point consisted of the appearance of a small, sharply circumscribed area 
resembling a submucosal hemorrhage. 

The subjects were customarily observed at the bedside or in the 
laboratory one and one-half to two hours after the last meal. On each 
occasion, control observations of motility, color and secretion were made 
while they were resting comfortably and lightly diverted. Specimens of 
surface secretion were removed for lysozyme determination, and the 
fragility was tested. These observations were repeated at frequent and 
appropriate intervals throughout each experiment. At the end of the 
experiment a short interview was conducted in order to supplement 
more obvious data concerning the preoccupation of the subject and his 
predominant mood and feeling and to determine what events of sig- 


g 
nificance had taken place in his life since the last observation. 


4. Munsell Book of Color, Baltimore, Munsell Color Company, Inc., 1929 

5. Richards, C. W.; Wolf, S., and Wolff, H. G.: The Measurement and 
Recording of Gastroduodenal Blood Flow in Man by Means of a Thermal 
Gradiometer, J. Clin. Investigation 21:551, 1942 

6. Meyer, K., and Hahnel, E.: The Estimation of Lysozyme by a Viscosimetric 
Method, J. Biol. Chem. 163:723, 1946 
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The latter measure was necessary, because, as has been shown 
elsewhere,’ the pharmacologic effects of any agent may be greatly 
modified by other forces acting on the end organ at the same time. 
These may arise from the circumstances surrounding the experiment 
and their symbolic significance to the subject.‘ 


OBSERVATIONS 
A. PARASYMPATHOMIMETIC AGENTS 


1. Acetyl-Beta-Methylcholine—Seven and a half and 5 mg. of 
acetyl-beta-methylcholine were administered subcutaneously on one 
oceasion each to subjects B and C, respectively. In the case of subject 
B, there was a flushing of the face, and in the descending colon a con 
comitant increase in blood flow, motility and mucus secretion from 1 
to 3 occurred. The change was apparent within six minutes and per 
sisted for 25 minutes (fig. 2). The lysozyme concentration increased 
from 0.9 to 2.0 units. 

In subject C the administration of acetyl-beta-methylcholine was 
followed in four minutes by flushing of the face and a concomitant rise 
in colonic blood flow (from 30 to 50), colonic motor activity and mucus 
secretion. In addition, the fragility of the mucous membrane of the 
exposed cecum was altered. Before the administration of the drug, 200 
mm. of negative pressure for 10 minutes was required to produce a 
lesion. Thirty minutes after the injection a similar lesion was produced by 
200 mm. of negative pressure applied for only three minutes (fig. 3). 

Comment: The increased motor activity, hyperemia and alteration 
of fragility of the descending and ascending colon brought about by 
acetyl-beta-methylcholine are of special interest inasmuch as this agent, 
when given in large amounts for a prolonged time to dogs, has induced 
chronic ulcerative lesions in the colon.° 

2. Physostigmine.—Physostigmine, 0.00025 Gm., was administered 
subcutaneously to subject A. The injection was followed within four 
minutes by a sharp rise in blood flow from 30 to 50 on the color scale 
and enhancement of motor activity. The effect of this small dose persisted 
for only 10 minutes. Mucus secretion increased from 1 to 2 plus. 


Comment: Similar increase in motor activity of the large and small 


intestine following the administration of this agent has been reported by 


7. Wolf, S.: Effects of Suggestion and Conditioning on the Action of Chemical 
Agents in Human Subjects—The Pharmacology of Placebos, J. Clin. Investigation 
29:100, 1950. 

8. Grace, W. J.; Wolf, S.. and Wolff, H. G Life Situations, Emotions 
and Colonic Function, Gastroenterology 14:93, 1950. 

9. Wener, H. E., and Simon, M. A.: The Production of Ulcerative Colitis 
in Dogs by the Prolonged Administration of Mecolyl, Gastroenterology 12:637, 1949 
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Fig. 2.—Effect of the subcutaneous administration of acetyl-beta-methylcholine 


on the contractile state (length times width of exposed colon), blood flow (color) 
and motility (kymograph) of the colon of subject B. The kymographic tracing 


was recorded from the pressure changes in a latex balloon in the descending 
colon. Note the abrupt rise in contractile state and blood flow and in the 
amplitude of contractions of the large bowel 
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Fig. 3.—Alteration in caloric membrane fragility following administration 
of acetyl-beta-methylcholine and posterior pituitary extract. Height of the column 
represents negative pressure applied, and the width of the column represents the 
duration of application of the force. The area of the column gives an indication 
of the resistance of the mucosa to injury 
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others.’? The augmentative effects were apparently attributable to poten- 
tiation of acetylcholine released in situ. These observations support the 
view that cholinergic nerve fibers augment the motor, secretory and 
vascular functions of the colon. 

3. Neostigmine—(a) Local Application: One drop of neostigmine 
bromide (1 cc. equivalent to 0.001 Gm.) was allowed to fall on the 
surface of the colon of subject A. There occurred immediately a slight 
local blanching at the site of the drop which lasted less than 30 seconds 
In this same area, there subsequently appeared a small pinpoint area of 
engorgement which gradually (over a two minute period) increased in 
size to 14 inch (0.64 cm.) At this time, a pinpoint, pale yellow-red center 
appeared in the reddened area. This lesion persisted for four minutes 
and then completely disappeared. 

Comment: The small red area with the pale yellow-red center was 
indistinguishable from the minute “miliary abscesses” seen through the 
sigmoidoscope in early ulcerative colitis. By repeated local application 
of neostigmine, Lium '' was able to produce ulceration in exposed seg- 
ments of colonic mucous membrane of the dog. 

(b) Parenteral Injection: Neostigmine bromide, 0.00025 Gm., was 
administered subcutaneously to subject A on two occasions when he was 
relatively tense and anxious with suppressed hostility related to his 
family. On both occasions, once before and once after vagotomy, the 
colonic blood flow had increased from 40 to 60 on the color scale within 
five minutes and vigorous motor activity lasting 25 minutes was recorded. 

The same quantity of neostigmine was administered to subject B on 
one occasion without significant alteration in colonic function. Subject 
C also received the drug in the same quantity during a phase of anxiety 
and resentment related to his refusal to submit to hospitalization for a 
prolonged experimental procedure. This subject, like subject A, suffered 
from ulcerative colitis and was especially preoccupied with a need to 
please although he felt considerable hostility toward the experimenters, 
whom he considered were delaying a therapeutic operative procedure.’ 
He was restless at the time he received the neostigmine, and the colon 


was almost maximally active, with color 55 and secretion 4 plus. For 


10. Goodman, L., and Gilman, A he Pharmacological Basis of Therapeutics : 


A Textbook of Pharmacology, Toxology and Therapeutics for Physicians and 
Medical Students, New York, The Macmillan Company, 1941. Carmichael, A. 
E.; Fraser, F. R.; McKelver, D., and Wilkie, D. P. D.: The Therapeutic Action 
of Progstigmin, Lancet 1:942, 1934. Wolff, L. H rhe Effect of Certain Paren 
terally Administered Drugs on the Colon of the Dog. Am. J. Digest. Dis. 6:243, 
1939. 

11. Lium, R.: Etiology of Ulcerative Colitis: Il. Effect of Induced Muscular 
Spasm on Colonic Explants in Dogs, with Comment on Relation of Muscular 
Spasm to Ulcerative Colitis, Arch. Int. Med. 63:210 (Feb.) 1939 
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20 minutes after the injection this intense colonic hyperfunction was 
sustained. With friendly words and reassurance, however, the subject 
became more relaxed and secure, feeling that he was justified in refusing 
his physician’s request. Gradually the colonic hyperfunction subsided 
until, at the end of 60 minutes, the membrane was paler (30) with 2 plus 
secretion and relatively few waves of contraction of low amplitude. 

Comment: It is clear from these data that the effects of adminis- 
tration of this small amount of neostigmine are not altogether predictable. 
In subject A, who had ulcerative colitis and to whom the agent was given 
during periods of relative colonic hyperfunction related to a conflict- 
provoking resentment and suppressed anger, the agent appeared to exert 
an additive effect enhancing the hyperfunction. In subject C, whose colon 
may have been maximally active at the time of administration, no further 
enhancement of colonic activity was observed. In the colon of subject B, 
which was relatively inactive at the time of administration, neostigmine 
in the amount given was apparently incapable of initiating significant 
activity. Weeks * noted only a “slight degree” of stimulation of the large 
bowel following the administration of 0.005 Gm., and Puestow ' observed 
“inhibition of contraction” following the use of 0.001 Gm. 

\ccording to the studies of Riker and Wescoe,'* the effects of 
neostigmine are attributable not only to the potentiation of acetylcholine 
hut also to a direct acetylcholine-like effect. Apparently, the presence or 
absence of vagus fibers is not directly pertinent to the action of neostig- 
mine on the large bowel, since its administration to subject A was 
followed by an acceleration of colonic function both before and after 
vagotomy. 

+. Epinephrine.—(a) Local Application: One drop of epinephrine 
hydrochloride (1: 1,000) was dropped on the surface of the colon of 
subject A. Within 30 seconds an area of blanching 35 by 35 mm. appeared 
It persisted unchanged for 15 minutes and then gradually disappeared 
within 30 minutes. 

(b) Parenteral Injection: epinephrine (0.5 cc. of a 1: 1,000 solution ) 
was administered subcutaneously to subject A. Blanching of the colonic 
mucosa with a sharp diminution of motor activity occurred 13 minutes 
after injection and persisted for 14 minutes, associated with tachycardia, 
palpitation and trembling of the hands. Lysozyme concentration fell 
from an initial level of 100 units to 42 units per cubic centimeter of 


secretion. The volume of secretion (1 plus) did not change. 


12. Riker, W. T., and Wescoe, W. C Direct Action on Prostigmine ot 


De 


Skeletal Muscle Its Relationship to Choline Esters, J. Pharmacol. & Exper., 
Therap. 88:58, 1946 
13. Grace, W. J.; Holman, C. W.; Wolf, S., and Wolff, H. G The Effect 


ot Vagotomy on the Human Colon, Gastroenterology 13:536, 1949 
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Comment: The contrast between the effect of epinephrine and that 
of the parasympathomimetic agents is in keeping with the clinical concept 
of opposition between the excitor acetylcholine—parasympathetic mechan- 
ism and the inhibitor epinephrine-sympathetic mechanism. 


B. AUTONOMIC BLOCKING AGENTS 


1. Tetraethylammonium Chloride—During a_ period of relative 
security and relaxation when the colon was in average state, subject A 
was given 0.5 Gm. of tetraethylammonium chloride. Although there was 
a fall in blood pressure from 150/60 to 82/38 and the patient complained 
of dizziness, numbness of the extremities and blurring of vision, there 
were observed only slight changes in the colon characterized by a faint 
transitory blush, a transient increase in motor activity lasting three 
minutes and an equally transient rise in the intraluminal pressure as 
recorded from the sigmoid colon. Lysozyme concentration rose from 
36 to 67 units. 

Subject C was given 0.5 Gm. of tetraethylammonium chloride intra 
venously on one occasion. The blood pressure was not recorded. Within 
four minutes there was a blanching of the mucous membrane of the colon 
which lasted only three minutes, the color falling from 35 to 20. Motor 
activity was not altered, but mucus secretion increased slightly from 
2 to 3 plus 

Comment: Although Lyons and others'* and Posey and_ his 
co-workers ‘° have shown that tetraethylammonium chloride inhibits 
colonic activity, it would appear from these data that in the amount 
administered the effects are not always predictable and inhibition may 
not be complete 

2. Atropine-—(a) Oral Administration: Atropine, 1.2 mg. was 
administered orally to subjects \ and B. Observation continued over a 
period of 90 minutes failed to show any alteration in motility or blood 
flow in the exposed colon of either subject 

+) Intravenous Administration: Atropine sulfate in the amount of 
1.2 mg. was given intravenously to subject A on three occasions, once 
prior to supradiaphragmatic vagotomy and twice during the postoperative 
period. Subjects B and D received the same agent intravenously on one 
occasion each. 

Subjects B and D, during periods of relative security and relaxation, 


were given 1.2 mg. of atropine intravenously. The injections were 


14 Lyons, R. H Mol, G. K.; Weligh, R. B.;: Hooblev, S. W.: Campbell 
K. N.; Berry, R. L., and Rennick, B. R The Effect of Blockade of Autonomic 
Ganglia in Man with Tetraethyl Ammonium Chloride, Am. J. M. Se. 213:315, 1947 


15. Posey, E. L.; Brown, H. S., and Bargen, J. A The Response of Human 


Intestinal Motility to Tetraethy] Ammonium Chloride, Gastroenterology 11:83, 1948 
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accepted with apparent equanimity. Within four minutes after the injec- 
tion there was a profound decrease in motor activity on the left and right 
sides of the colon persisting for 32 minutes. This was associated with 
dilatation and a slight blanching of the colon from 40 to 30. Secretion, 
however, increased from 1 plus to 2 plus (fig. 4). 

Subject A: Before Vagotomy. Atropine sulfate, 1.2 mg., was admin- 
istered to subject A during an episode of suppressed anger and resent- 
ment during which time the colon was already slightly hyperemic and 
hypermotile. Moreover, he resented the experiment. Within a few 
seconds after the injection there was observed an increase in motor 
activity of the exposed loop and hyperemia of the bowel, with an increase 
from 40 to 55 on the color scale. The intense colonic hyperfunction per- 


sisted for five minutes. Fifteen minutes after the injection the bowel was 


Simultaneous kymographic tracings recorded from the descending colon. Note the cessation 
activity following intravenous administration of atropine 


still slightly hyperemic and hypermotile although the atropine effect was 
evidenced in the cardiovascular system by a rise in the pulse rate from 
100 to 120 beats per minute associated with the complaint of a dry 
mouth. At no time over a 60 minute period was there any diminution in 
blood flow or motor activity of the colon. Clear, thin secretion accumu- 
lated on the surface of the intestine and at the end of 60 minutes had 
increased from plus to 4 plus. Lysozyme, 50 units per cubic centimeter 
at the onset of the experiment, fell to 8 units at 60 minutes (fig. 5). 

\fter Vagotomy. During the second postoperative week the atropine 
experiment was repeated with the same amount, 1.2 mg. administered 
intravenously. Again the subject resented the experimental procedure. 
Four minutes after the injection the color scale indicated a slight increase 
in blood flow, rising from 50 to 60. Motor activity was not altered. 
\ minute later dry mouth was noted and an increase in the pulse rate 
from 88 to 120. By 15 minutes the transitory colonic hyperfunction had 
subsided, and the indicators remained relatively unchanged for 40 


minutes of observation. The volume of secretion on this occasion did not 


change. Lysozyme concentration, which at the beginning of the experi 


ment was 8.7 units per cubic centimeter, had decreased to 1.8 units in 
10 minutes 
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In the third postoperative week, another observation was carried out 
during a phase of low spirits. Atropine sulfate, 1.2 mg., was again admin- 


istered intravenously, and the injection was followed by the usual tachy- 
cardia and dry mouth. This time there was noted at five minutes a 








Fig. 5—Showing the effect of an intravenous injection of atropine sulfate, 
0.0012 Gm., on the blood flow and contractile state of the colon in subject A. 
Observations were recorded from exposed ascending colon. 
performed during a phase of anger and resentment 
subcutaneous injection. Note rise in blood flow 
the injection. 


The experiment was 
In addition the patient resented 
and contractile state following 
Contractile state failed to diminish even though the patient experi 
enced tachycardia and dryness of mouth. 


transient fall in color from 55 to 50 associated with a diminution in motor 
activity lasting for 20 minutes (fig. 6). 

Comment: Puestow! observed at times increased and at times 
decreased motor activity following the use of atropine. After the sub- 














Fig. 6.—Alteration in colonic blood flow and contractile state following the 
intravenous administration of atropine on a day when subject A was in relatively 
good spirits and calm. Note the diminution in blood 


flow and relaxation of the 
exposed colon. (Compare with figure 5 


Observations recorded from the exposed 
colonic mucosa.) 
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cutaneous injection of 0.004 Gm., Elsom and Drossner *® observed a 
notable decrease in tone and peristaltic activity, while no perceptible effect 
was noted by Weeks * after the same dose. This variability of effect is in 
keeping with other experience with chemical agents in this laboratory.’ 


(goodman and Gilman 


’ stated that while the use of atropine in general 
decreases the tone and peristalsis of the gastrointestinal tract, its effects 
are much more prominent when spasm or hypermotility is present. 

Our observations would seem to indicate that in the face of situ 
ations of relatively great activity of cholinergic fibers, as in colonic hyper- 
function associated with conflict and resentment, atropine is relatively 
less effective in blocking them than it is when colonic function is average 
and cholinergic impulses are presumably less numerous. In fact, when 
the injection itself, by engendering the subject’s hostility, actually pro 
vided a stimulus to colonic hyperfunction, the pharmacologic effect of the 
atropine was obscured. 

3. Atropine Substitutes —Trasentine™ and syntropan™ were admin 
istered orally in amounts of 0.150 and 0.1 Gm, on each of two occasions 
respectively to subject Band dibutoline sulfate, 0.01 Gm. intramuscularly, 
was administered to subject C. During states of good spirits and relative 
security and calm, when colonic function was average, observations con 
tinued over a period of 90 minutes revealed no significant change in 
colonic function. Lysozyme concentration did not change. Secretion 
remained at 2 plus throughout. During a similar period novatrin" 
(0.0005 Gm.) was given orally to subject B. After 35 minutes there 
was a definite although slight diminution in motor activity and a slight 
pallor, from 40 to 30, which lasted for ten minutes. Lysozyme concen 
tration did not change. 

Comment: The minimal etfectiveness of the synthetic “‘antispas 


modics” tested and administered orally in the recommended dosage is 


in keeping with the observations of Posey '* and others.'’ It seems likely 


that when these agents are effective in relieving symptoms from intestinal 
spasm the effects are attributable less to their pharmacologic effect than 


to a therapeutic physician-patient relationship. 


16. Elsom, K. A., and Drossner, J. | Intubation Studies of the Huma 
Small Intestine: XVII. The Effect of Atropine and Belladonna on the Motor 
\ctivity of the Small Intestine and Colon, Am. J. Digest. Dis. 6:589, 1939 

17. Wolf, S.. and Wolff, H. G.: Human Gastric Function: An Experimental 
Study of Man and His Stomach, ed. 2, New York, Oxford University Press, 1947 

18. Posey, E. L., Jr.; Bargen, J. A.; Dearing, W. H., and Code, C. F 
Effects of Certain So-Called Antispasmodics on Intestinal Motility, Gastro 
enterology 11:344, 1948 

19. Jackman, R. J., and Bargen, J. A The Influence of Certain Antispasmodic 
Drugs on the Intestine of Man, Surg., Gynec. & Obst. 67:63, 1938 





GRACE ET AL—PHARMACOLOGIC ACTION ON COLON 1047 


C. SMOOTH MUSCiLE-STIMULATING AGENTS 

1. Posterior Pituitary Extract—Powdered pituitary extract (Armour 
Laboratories ) in amounts of 0.04 Gm. was administered by nasal insuffla 
tion to subjects A and B on one occasion each during’ relatively neutral 
circumstances when colonic function was average. In each case there 
resulted a prompt increase in motor activity and blood flow of 20 units 
on the scale lasting for 30 minutes. In subject B an increase in motor 
activity of the small intestine was also noted. Thirty minutes after the 
administration, the fragility of the colon was significantly increased, as 
shown in figure 3. No change was noted in the lysozyme concentration, 
although there was a slight increase in the mucus secretion 

2. Vasopressin Injection U. S. P. (Pitressin®)—Ten units oi 
pitressin™ was administered subcutaneously to subject B during a period 
of relative calm, security and relaxation when colonic function was 
average. Within ten minutes there was a cessation of small bowel activity 
and an increase of motor activity of the colon with strong contractions, 
resulting in the passage of gas and feces. Secretion rose from 1 plus to 3 
plus. The duration of this effect was 30 minutes. An hour after the injec 
tion, small bowel activity was resumed. 

Comment: These findings are in general agreement with those 


reported by others. 
D VASODILATOR AGENTS 


lL. Amyl Nitrite lhe contents of one perle (0.3 cc.) of amyl nitrite 
were inhaled by subject \ on one occasion. The inhalation was followed 
by a flushing of the face and a severe, generalized, throbbing headache 
which persisted for five minutes. Concomitant hyperemia of the colon, 


with an increase on the color scale from 40 to 60, was noted. Mucus 


secretion rose from 1 to 3 plus, and motor activity was slightly enhanced 


for 15 minutes. Within 37 minutes, these indicators had all returned to 
their former state. 

2. Nicotinic Acid.—Nicotinic acid, 0.15 Gm., was given intravenously 
to subject .\ during a phase of calm and relaxation when colonic function 
was average. There were prompt flushing and itching of the face, with 
slight swelling about the eyes within two minutes of the time that the 
injection had been begun. Within three minutes there was hyperemia oi 
the bowel (40 to 70) along with an increase in mucus secretion from 
1 plus to 2 plus. Slight transient increase in motor activity was noted 
and the lysozyme concentration did not change. The effects gradualh 


subsided in 12 minutes. 


20. (a) McDonald, A. D., and Settle, H. I Action of Posterior Pituitar 
Principles on the Colon, J. Physiol. 86:8 P, 1936. (b) Jones, C.: Unpublished d 
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E. NARCOTIC AND SEDATIVE AGENTS 

1. Amobarbital Sodium N. F. (Amytal Sodium®).—Sedatives are 
widely used in symptomatic management of gastrointestinal disorders. 
Jones *”” has noted beneficial effects in subjects with ulcerative colitis 
after prolonged narcosis with amytal sodium.® ‘This drug was given 
intravenously to subject A until diplopia occurred and just short of loss 
of consciousness (0.5 Gm.). With the onset of deep sedation, there were 
diminution in motor activity and blanching of the color from 50 to 30 
which persisted for 40 minutes. At this point, a discussion was under- 
taken of the subject’s attitudes toward his sister-in-law, his brother, his 
physicians and his experience in the navy. Associated with resentment 


concerning these matters, there occurred prompt contractions and an 


increase in blood flow from 30 to 70. The lysozyme concentration 


increased slightly during this period from 25 to 28.6 units, but mucus 
secretion remained unchanged. 

Comment: Although the profound sedation resulted in a diminution 
of blood flow and motor activity in the colon, discussion with the subject 
of emotionally charged topics resulted in the some degree of hyperfunc- 
tion as is seen in the nonnarcotized state. These findings suggest that the 
beneficial effect of deep sedation in patients with colitis may be attribu- 
table to the effective removal of the subject from his difficult life cireum- 
stances and from preoccupation with his conflicts. 

2. Morphine.—On one occasion 0.01 Gm. of morphine sulfate was 
administered subcutaneously to subject A. This was followed in eight 
minutes by a cessation of motor activity of the cecum and the ascending 
colon lasting 45 minutes. There was a concomitant slight blanching of 
the colon from 40 to 30. The lysozyme concentration decreased from 6.6 
to 2.8 units per cubic centimeter in the face of a slight increase in mucus 
secretion (from 3 plus to 4 plus). 


F. MISCELLANEOUS AGENTS 


1. Insulin—Subject A: The intravenous injection of insulin is 
known to cause hypersecretion and hypermotility in the stomach resulting 
from cholinergic impulses conducted along the vagus nerve.*! The effects 
on the colon have been studied by Almy,** who noted no increase in 
motor activity in the sigmoid following administration of insulin. 

21. Hollander, F.: The Insulin Test for the Presence of Intact Nerve Fibers 
After Vagal Operations for Peptic Ulcer, Gastroenterology 7:607, 1946. 

22. Almy, T. P.; Hinkle, L. E.; Berle, B., and Kern, F.: Alteration in Colonic 
Function in Man Under Stress: II. Experimental Production of Sigmoid Spasm 


in Patients with Spastic Constipation, Gastroenterology 12:437, 1949. 
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In addition to the usual observations on the colon, measurements of 
gastric acidity were made on specimens withdrawn through a Levin tube 
and on gastric motor activity by recording on a kymogtaph pressure 
change in the inlying balloon following the control period. Twenty units 
of regular insulin was injected intravenously. The blood sugar content 
fell from 72 to 30 mg. per 100 cc. at 33 minutes after the injection. At 
the same time free hydrochloric acid in the stomach had risen from 10 to 
90 units. Gastric motor activity increased during the period of hypo- 
glycemia. Concomitantly there occurred, however, considerable blanching 
of the exposed colon, with a decrease in the color index from 30 to 15, 
and diminution of motor activity which persisted for approximately five 
minutes. 

Comment: The failure of insulin to enhance colonic function further 
supports the view that the vagus nerve does not have a major influence 
on large bowel function.'® The mechanism of colonic pallor and decreased 
contractile activity following insulin is not clear but hardly seems to be 
the result of cholinergic impulses mediated through the vagus nerve or 
the sacral parasympathetic vessels since, as already observed, cholinergic 
effect activates rather than inhibits the colon. The hypofunction may 
result indirectly from the alarming nature of the experience and thus be 
mediated through the sympathetic system. 

2. Alcohol.—Fforty-five cubic centimeters of 86 proof whisky (con- 
taining 19.5 cc. of ethyl alcohol) was given to subjects C and D orally. 
The colonic activity that followed was approximately the same in each. 
After 15 minutes there was noted an increase in blood flow (color rising 
from 60 to 80). Motility decreased slightly, and the size of the exposed 
segment increased, indicating relaxation of the bowel wall, which reached 
its maximum in 45 minutes, The increased blood flow gradually decreased, 
and base line levels were reached in 60 minutes. During the height of 
the reaction the subjects were drow Sy. 

Comment: The fact that blushing was unaccompanied with increased 
motility suggests that the effect may be a direct dilator action of the 


vessel wall and not attributable to a central parasympathetic effect. 


In subject C the large bowel was separated from the small bowel by 


ileostomy. This feature plus the noted delay in the onset of the changes 
in blood flow and secretion following administration of alcohol indicates 
that the effects of alcohol in the colon are exerted after absorption into 
the blood stream and not directly on the mucosa. 

3. Tobacco Smoking.—After a suitable control period, each of the 
four subjects, all of whom were habitual cigaret smokers, was observed 
during the smoking of a cigaret. No perceptible change in colonic func- 


tion occurred during three experiments on each subject. 
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4. Ipecac.—Previous studies by Stewart Wolf ** have shown that 
nausea, occurring during states of extreme fear or induced either by 
caloric stimulation of the ear or by swinging the subject, was accom- 
panied with a cessation of motor activity and a diminution of blood flow 
in the stomach and occasionally by abdominal cramps and loose stools. 


It has been shown ** 


that the increase in the contractile state of the 
duodenum, coupled with the pallor and atony of the stomach, prevents 
further absofption and passage of noxious gastric contents. Vomiting is 
then accomplished by contractile action of the diaphragm and the abdomi- 
nal skeletal muscles. 


Syrup of ipecac (12 cc.) was administered by mouth to subject A 


during a period of calm and relaxation when colonic function was average. 
Within eight minutes there was a diminution of motor activity. The colon 
blanched, color scale readings dropped from 50 to 30 in nine minutes 
and “waves” of nausea lasting approximately two minutes each were 
experienced by the subject. With each ‘‘wave” there was a sustained 
contraction of the colon lasting two minutes and a concomitant increase 
in blood flow from 30 to 50. Mucus secretion did not change appreciably. 

Comment: These findings may have bearing on the common clinical 
association of nausea and diarrhea. The effects in stomach and colon are 
contrasting in the sense that the colon becomes hypermotile and hyper- 
emic while the stomach becomes hypomotile and pale, but they are alike 
in that the changes at both ends of the organism accomplish the ejection 
of the contents of the organ in question, 

5. Placebo.—The above observations were controlled in each of the 
subjects by repeated intravenous injection of sterile sodium chloride 
solution without suggestion. Subject C was given large lactose capsules 
by mouth in addition to sodium chloride solution. In no instance did any 
observable change in the colon occur over a 60 minute period of observa- 
tion after the administration of placebos. 


SUMMARY AND CONCLUSIONS 


lhe effects of numerous agents on the exposed areas of colon of four 
human subjects were tested. In general it may be said that parasym- 
pathomimetic agents enhanced colonic function in terms of blood flow, 
mucus secretion, secretion of the enzyme lysozyme and contractile activity 
while sympathomimetic agents and those which blocked cholinergic 


impulses inhibited colonic function. Vasodilator agents provoked hyper- 


23. Wolf, S The Relation of Gastric Function to Nausea in Man, J. Clin 
Investigation 22:877, 1943. 


24. Wolf (foetnotes 17 and 23). 
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emia of the colonic mucosa without necessarily stimulating contractile 
activity. 

Although the effect of an agent on a strip of muscle suspended in 
Ringer’s solution is predictable and reproducible, it was not necessarily 
so when administered to the intact human being. 

The response of the colon to the agents tested apparently depended 
on whether they reenforced or opposed other forces acting on the colon 


at the same time. Strong impulses acting on the bowel as part of the 


reaction of the individual to his environment were often powerful enough 
to outweigh the pharmacologic effects of even large doses of the admin 
istered agent. In some instances the response to a drug was variable in 
degree or direction and at times inconsistent with what is known of the 
pharmacologic properties of the agent. 

Vagotomy in subject A did not alter the response of his colon to 
various pharmacologic agents 
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‘INCE the first successful pneumonectomy for carcinoma of the lung 
was performed by Graham in 1933, we have learned much about this 
common internal form of the disease. Reports have been appearing 
with considerable frequency in the recent surgical literature. The 
operability and curability rates have been steadily rising. There are 
indications that the almost prohibitive mortality rate of pneumonectomy 
is being rapidly lowered. Pulmonary physiology is better understood, 
and evaluation of patients is being carried out more thoroughly. Preop- 
erative treatment and postoperative care have shown rapid advances, and 
surgical technic is at present more or less standardized. 

We believe that fluid balance after operation is an important factor 
in diminishing the incidence of postoperative cardiac failure. This has 
been the chief cause of mortality since penicillin has been reducing the 
number of our postoperative infections. It is our impression that we 
have previously overloaded the circulation of pneumonectomized patients 
by giving large quantities of fluid intravenously after operation. We now 
judge the postoperative fluid intake on preoperative cardiac evaluation, 
which includes an electrocardiogram and an overload test. Recent results 
have been encouraging. 

Our experience with carcinoma of the lung covers 527 patients 
admitted to the hospital with proved carcinoma of the lung between the 
years 1936 and 1948 inclusive. These patients have been generally seen 
in conjunction with the Jackson Bronchoscopic Clinic. 

Most of the resections were carried out with the possibility that 
cure might be effected, although recently we have included some pallia- 


tive resections. 


From The Temple University Hospital 
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The symptoms of bronchogenic carcinoma are now well known. 
These are, in order of frequency, (1) cough, or change in a cough which 
is already present, (2) vague pain in the thorax, usually near the lesion, 
and (3) hemoptysis. It must be remembered that because of the fre- 
quency with which a portion of lung is blocked by the endobronchial 
tumor symptoms of pulmonary suppuration are frequent. Carcinoma of 
the lung can simulate any other pulmonary condition. 

Early diagnosis of carcinoma of the lung depends on increasing the 
index of suspicion among general practitioners. In the 191 cases in 
which exploration was carried out by us, the interval between the onset of 
symptoms and the appearance of the patients in the hospital was as 
follows: 

1. Cough or change in cough was the first symptom in 116 cases 
The patients appeared in this hospital an average of 10% months after 
the cough developed. 


Taste 1—Data on Patients with Proved Carcinoma of the Lung from 
1936 to 1948 


Cases considered operable 
Resections 
Pneumonectomies 
Lobectomies ‘ ee 
Explorations without resections 


2. Chest pain was the first symptom in 31 cases. An average of six 


months elapsed before the appearance of the patients in our hospital. 

3. Hemoptysis was the first symptom in 12 cases. An average of 
3.3 months elapsed before we first saw the patients. It is obvious that 
hemoptysis is a frightening symptom and therefore hastens the appear 
ance of the patient for therapy. 

4. Miscellaneous symptoms were first present in 20 patients. These 
appeared at varying intervals. 

5. Five patients in our series were picked up on routine roentgen 
examination of the chest. The lesion was operable in all of these, and 
three are living now. 

6. No record of the first symptom is available for 7 patients. 

If carcinoma of the lung is to be diagnosed early, a thorough exami- 
nation of the patient at a diagnostic clinic is necessary. Methods of 
diagnosis include elicitation of the history, physical examination, roent- 


genologic and bronchoscopic examination, cytologic study of bron- 


choscopically aspirated secretions, needle biopsy and _ exploratory 


thoracotomy. These measures are used as necessary in the order 
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mentioned. A suggestive history and physical signs, with or without 
positive roentgen findings, should precipitate further studies aimed at a 
positive diagnosis. 

Roentgenologic examination is of tremendous importance in making 
an early diagnosis. A tumor, of course, should always make one imme- 
diately suspicious, but atelectasis is the reported roentgen finding oftener 
than tumor. Before this atelectasis appears, emphysema is present and 
can be seen on roentgen examination. Of course, a small endobronchial 
tumor may not be obvious on the roentgenogram but may still produce 
symptoms. Bronchoscopy is of tremendous value in making a positive 


TABLE Vethod of Pathologic Diagnosis Used in Patients Operated on from 
1936 to 1947 


Per Cent 
Bronchosecopie biopsy 
Needle biopsy of lung. 
Exploratory thoracotomy 


Total 


Vethod of Pathologic Diagnosis Used in Patients 
Operated on in 1948 


Per Cent 
Bronechoseopie biopsy 
Needle biopsy of lung 
Exploratory thoracotomy 
Bronchial secretion 
Pleural fluid 


Total 


diagnosis, and bronchoscopic evaluation of the operability of the lesion is 
a preoperative necessity. However, unless the tracheal wall is involved 
and such involvement proved by biopsy, bronchoscopy alone rarely 
proves inoperability. Unless there is definite evidence of involvement 
far beyond the bounds of radical surgical procedures, inoperability should 
be proved at operation. Although needle biopsy is frowned on in many 
clinics, it has proved to be a: valuable diagnostic aid in our hands. An 
excellent specimen is occasionally obtained by needle biopsy when other 
methods have failed us, and we have yet to see evidence of spread along 


the needle tract, as has been reported elsewhere. Recently, we have 


depended somewhat on cytologic examination of bronchoscopically 


aspirated secretions, which procedure is relatively atraumatic. 
We consider the figures in table 3 to be fairly significant. They 


indicate to us that patients are appearing earlier for diagnosis and that 
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the lesion is located deeper in the segmental bronchi and therefore can- 
not be seen as readily by bronchoscopy. Incidentally, bronchoscopic 
biopsy gave positive results in approximately 73 per cent of 310 consecu- 
tive cases, both operable and inoperable, seen in the. Jackson Clinic. 
This incidence was high because the inoperable cases were included. 
We also suspect that with added experience our pathologists will diag- 
nose more cases positively on cytologic examination of bronchoscopically 
aspirated lesions. We believe that needle biopsy will continue to have 
a definite place in the diagnosis of carcinoma of the lung, especially for 
inoperable lesions but also for operable ones. 

Preoperative work-up has been more or less standardized. The 
necessary diagnostic studies previously mentioned are carried out as 
indicated. Bronchoscopic and roentgenologic examinations continue to 
be the backbone of our diagnostic regimen. Cardiac evaluation, includ 
ing electrocardiographic study and intravenous overload utilizing 1,500 
ce. of fluid given in 30 minutes to a 150 pound (68 Kg.) adult, is consid 
ered an important part of our study. Studies of pulmonary function 
are routinely done. Antibiotic prophylaxis is given for a variable period 
before operation, depending on the type and quantity of the bacterial 
flora present. During the 13 year period from 1936 to 1948, 94 resec- 
tions of the lung have been done for carcinoma, with 19 deaths, or a 
mortality rate of 20.2 per cent. Eighty-five of these were pneumonec- 
tomies, with 19 deaths, a mortality of 22.4 per cent. Nine were lobec- 
tomies, with no deaths. The low mortality of lobectomy is certainly 
significant. 

Cases are selected for surgery on the following basis. 1. The lesion 
must be considered a possibly operable one. 2. Palliative resection, 
when toxicity from an obstructive lesion is excessive, is occasionally 
considered. 3. The surgical risk is then balanced against the life 
expectancy. For example, a 75 year old man who has had previous 
coronary disease and has a large lesion producing few symptoms might 
be considered a questionable candidate. However, we do not turn 


away patients because of age alone and recently did a pneumonectomy 


successfully on a 74 year old man. There has always been an appre 


ciable risk in pneumonectomy. We believe that this risk is being con- 
trolled better than previously. Sixty-seven pneumonectomies were 
done from 1936 through 1947, with 18 deaths, or a mortality rate of 26.9 
per cent. Nine of these were cardiac deaths, and we believe that we 
can lower this rate. Five of the 18 were due to infections, and this 
cause of death has been minimized since antibiotic therapy has been 
utilized. 

During the vear 1948, we did 18 pneumonectomies, with one death, 


a mortality of 5.5 per cent and 7 lobectomies. with no deaths, all for 
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carcinoma of the lung. This totals 25 resections, with one death, or a 
4 per cent over-all mortality. This indicates that our accumulated 
experience plus the accumulated experience of others has at least helped 
in reducing the previously high mortality rate. We suspect that we had 
an unusually good year in 1948, and we doubt if such a low rate can be 


continued indefinitely. We do not make this statement with any feeling 


of futility, since we intend to accept patients for possible curative opera- 
tions even though the operative risk in the individual case is great. 

The table showing the survival rate in cases in which resection was 
performed, excluding 18 hospital deaths, indicates that we have some 
hope in cases of carcinoma of the lung, although recurrence is frequent. 

Survival rates will be greatly increased by early diagnosis and care- 
ful operation, and of course the survival rate is appreciably higher for 


Taste 4.—Survival Rate in Cases in Which Resection was Performed 
(Excluding 18 Hospital Deaths) from 1936-1947 


9 years. : - 1 living 
8 years ata eee kee owas 1 dead 
6 years.... F cRertedenweches - 1 living 
5 years panes “_— : 2 dead 
4 years.... o's os oe m ose 2 living 
years. oe es wees ee 8 (6 living, 2 dead) 
2 years phdbeee 1 (5 living, 6 dead) 
Under 18 months ee . uae 25 (3 living, 22 dead) 


Total ‘on ive wondas deewe ceeess ones 51 


the low grade malignant growths. This rate is in marked contrast to 
the survival rate among the 97 cases in which exploration without 
resection was carried out during this same period. Only one of these 
patients has lived as long as 19 months, as far as we know, although we 
have been unable to contact 24 of them. 

We have been interested in the incidence of metastasis to hilar lymph 
nodes, since the mortality of lobectomy has been so low in comparison 
to that of pneumonectomy. Of the 94 patients subjected to resection 30 
had metastasis to hilar lymph nodes. Nineteen of the 30 died in the 
hospital. Only two patients have survived over two years. One has 
survived over two years and is now well, and one has survived four 
years and is now well. Fifteen patients without metastasis have sur- 
vived for two to nine years. 

If the mortality of pneumonectomy were comparable to that of lobec- 
tomy, certainly pneumonectomy would always be the procedure of choice 
for carcinoma of the lung. We hope that the mortality of pneumonectomy 
can be appreciably reduced over a long period. This remains to be 
seen. Also, there is certainly more disability from pneumonectomy 
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than from lobectomy, although the disability is often minimal. With 
these facts in mind, we must consider lobectomy in cases of low grade 
peripheral lesions and also for patients who are poor operative risks 
until the pneumonectomy mortality can be further adjusted. 


In conclusion, 527 patients have been seen in this hospital with a 


positive diagnosis of carcinoma of the lung during the past 13 years 


We believe that with careful preoperative evaluation and postoperative 
care of patients subjected to surgical procedures for carcinoma the mor- 
tality rate can be kept at a low level and that the incidence of cure can 
be considerably increased. 





EVALUATION OF COLOSTOMY FOR PRESENT DAY SURGERY 
Review of 4,939 Cases of Injury of the Colon and Rectum 


DAVID HENRY POER, M.D. 
ATLANTA, GA. 


HE SURGICAL procedure of colostomy, like a great many other 

operative procedures, has been affected by constantly changing 
concepts and technics. The purpose of this report is to present some of 
the contrasting attitudes that have existed in regard to colostomy, and, 
in particular, to note the change in thought that has occurred since the 
time of World War I. The decade from 1939 to 1949, which period has 
shown the greatest number of cases in which colostomy was used, has 
been chosen as the interval for which the British and American literature 
would be reviewed. Observations regarding 4,939 cases in which colos- 
tomy or colostomy closure was performed are presented. Also, certain 
technical details regarding the proper formation of colostomies and the 
safest and most satisfactory methods of performing closures are dis- 
cussed. An effort will be made to show how the facts made available 
through military experience during the recent world wars may be appli- 
cable to problems pertaining to the use of this procedure in present day 
civilian practice. 

HISTORY 


First, in a study of the historical background of colostomy,' it is 
interesting to note that from the time of the earliest cases through the 
period of World War I the attitude toward the use of colostomy was 
extremely conservative. The first successful decompression through 


cecostomy was performed in 1776 by Pillore of Rouen in a patient with 


From the Whitehead Department of Surgery, Emory University School of 
Medicine, Emory University, Georgia 

1. (a) Bacon, H. E.: Anus, Rectum, Sigmoid Colon: Diagnosis and Treat 
ment, ed. 2, Philadelphia, J. B. Lippincott Company, 1941. (bh) Tuttle, J. P \ 
lreatise on Diseases of the Anus, Rectum, and Pelvic Colon, New York, D. Apple 
ton & Company, 1902. (c) Rankin, F. W.; Bargen, J. A., and Buie, L. A.: The 
Colon, Rectum and Anus, Philadelphia, W. B. Saunders Company, 1932.  (d) 
Kelly, E. C.: Encyclopedia of Medical Sources, Baltimore, Williams & Wilkins 
Company, 1948. (¢) Duret, C.: Rec. périod. Soc. de méd. de Paris 4:45, 1793; 
cited by Poer, D. H The Place of Colostomy in Present Day Surgery, South 
Surgeon 14:130-142, 1948 
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what was revealed at autopsy to be an obstructive lesion of the rectum. 
Duret in 1793 performed a colostomy in the left inguinal region on a 
3 day old infant with imperforate anus, who lived forty-five years.* After 
Pillore and Duret, other surgeons began to perform surgical openings on 
the large bowel. Despite the fact that a majority of these early per- 
formances were in advanced cases in which there were malignant growths 
or other obstructions accompanied with a high incidence of mortality, 
generally the results from the use of colostomy were found gratifying. 
But since colostomy was reserved for only the worst cases of injury or 
disease of the colon or rectum, high mortality rates became associated 
with its use and tended to confirm an attitude of conservatism. 

By 1914 colostomy was becoming well established in civilian surgical 
practice. However, because its advocates were too few and because there 
had been little previous military experience with it, its great value to 
the soldier wounded on the battlefield remained to be demonstrated. 
During the early part of World War I, a policy of conservatism and 
nonintervention was still the rule in the treatment of most abdominal 


injuries, including those involving the colon and rectum. American and 


British mortality rates for these injuries ranged from 70 to 95 per cent 


and from 60 to 75 per cent, respectively.*. Later in the war colos 
tomy was used more frequently. Suture, however, was the preferred 
method of treatment. Colostomy was reserved for the more extensive 
wounds, again with the result that a high mortality rate was to be 
associated with the procedure. 

\fter World War I the concept of conservatism continued in force 
but began to be modified somewhat in the larger surgical centers. In 
general civilian surgical practice in this era, however, ideas about the 
indications for and use of colostomy were broadened to no great extent. 
Some new technics were developed, such as the Mikulicz-Paul and 
Rankin methods. Colostomy, however, was not generally advocated for 
trauma, since it was still regarded as a procedure to be used primarily 
in cases of malignant growths or other obstruction. 

The attitude toward colostomy in World War II furnished an inter 
esting contrast to that held during the first conflict. As the results 
obtained through its use in thousands of patients in World War IT were 


2. This operation is reported in some references '».¢ as having been performed 
by the surgeon Dinet. Dinet, however, is not listed in the Quarterly Cumulative 
Index Medicus or other of the sources }4.¢ in which the name of Duret is found 
For this reason, and because the primary sources of information were not available 
at this time, I have chosen to use the name of Duret 

3. Lee, B. L.: Wounds of the Colon, in The Medical Department of the 
United States Army in the World War, Washington, D. C., Government Printing 
Office, 1927, vol. 11, p. 460-461. Wallace, C. A Study of 1200 Cases of Gunshot 
Wounds of the Abdomen, Brit. M. J. 4:679-743, 1917 
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observed, the efficacy of colostomy as a life saver was recognized. Largely 
through the experiences of the British during the London raids of 1940 
and 1941 and in the campaigns of the Middle East, the policy of con- 
servatism underwent a rather sudden change. Suture of colon wounds 
was undertaken less frequently ; exteriorization with colostomy became 
the preferred method of treatment and was used liberally.' 

With the entry of this country into the conflict, the acceptance by 
American military surgeons of the new concept of treatment was rapid. 
Exteriorization with colostomy was recommended by the office of the 
Surgeon General for the treatment of injuries to the large bowel. Three 


general indications for surgical treatment of injuries of the colon and 


rectum were found in the need for (1) exteriorization of damaged 
segments of bowel to avoid or minimize intraperitoneal contamination, 
(2) complete diversion of the fecal stream from wounds of the distal 
colon or rectum or (3) incomplete diversion for the purpose of achieving 
decompression. As a result of this policy, extensive use of colostomy was 
evident in the African, Italian, European and Pacific campaigns.° 

The mortality rate, as will be shown later, averaged between 30 to 35 
per cent. The striking decrease in rates would seem to indicate that, in 
addition to the fact of advances in shock therapy, chemotherapy and 
anesthesia, the reversal of attitudes regarding colostomy has played a 


most important role in achieving such results. 


REVIEW OF CASES, 1939 TO 1949 

The decade 1939 to 1949 was selected as the interval in which case 
selections were made, since this period included the World War II years 
and since the statistics afford the best opportunity to note the contrast in 
attitude regarding colostomy and the treatment of injuries of the colon and 
rectum. The tremendous volume of surgical experience with injuries to 
military personnel affords what is probably the largest series of injuries 
to the large bowel to be treated so nearly uniformly. To learn the results 
of the use of colostomy in both civilian and military practice, the British 
and American literature of the selected decade was completely reviewed 


and all case reports containing classihable information were studied.® 


4. It is to be remembered here that colostomy need not necessarily be accom- 
panied to any extent with exteriorization and also that exteriorization may be 
done without colostomy when early replacement of the bowel within the abdomen 
is indicated. However, in this study the terms exteriorization and colostomy are 
taken together to refer to one and the same procedure. 

5. Cutler, E. ¢ Military Surgery—United States Army—European Theater 
of Operations, 1944-1945, Surg., Gynec. & Obst. 82:261-274, 1946 

The British and American literature of the period 1939-1949 was com- 
pletely reviewed. For purposes of brevity these references are omitted. They 


may be secured from the author 
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Before the results of this study are considered, however, the work of 
Chunn concerning the interpretation of mortality statistics related to 
the use of colostomy should be noted. Observing patients of the Second 
Auxiliary Surgical Group, Chunn * found that when cases of injury to the 
colon and rectum alone were grouped aside, the incidence of mortality 
in other cases rose progressively with each additional organ involved 
(table 1). Implied here is the fact that mortality statistics associated with 
the use of colostomy are not to be considered apart from other factors 
as an index to the success or failure of performance of colostomies only. 
Extent of involvement of other organs is certainly a factor to be taken 
into account in a review of mortality statistics. 


Tasie 1.—Results of Additional Involvement (Chunn) 


Deaths Mortality, 
‘olon or rectum alone 
olon rectum plus 1 organ. 
olon rectum plus 2 organs 
olon rectum plus 3 organs 


‘olon rectum plus 4 organs. 
‘olon rectum plus 5 organs.. 


TABLE 2.—Separate British Authors’ Series 


Deaths Mortality, % 


Porritt wee ave 2 5é 23 
Ogilvie ; 207 : 43 


Total ‘ 3 30, average 


To make up the first of three series to be considered in this report, 
a total of 3,276 cases was reviewed. Of the patients, 1,701 had been 
treated by colostomy. There were 495 deaths, or an over-all mortality rate 
of 29.1 per cent. Included in this group are two well classified reports 
from British military personnel, presented in this series for the purpose 


of separating the information in them from American military statistics. 


The statistics for the two British reports by Ogilvie and Porritt are found 
in table 2.° 

Next, for comparison with the first series, case reports from American 
military personnel were studied. The detailed records of the Second 
Auxiliary Surgical Group, operating in forward areas in the African, 


7. Chunn, C. F Wounds of the Colon and Rectum, J. Florida M. A. 34:269 
276, 1947. 

8. Ogilvie, W. H. Abdominal Wounds in the Western Desert, Surg., Gyne« 
& Obst. 78:225-238, 1944. Porritt, A. E.: Survey of Abdominal Wounds in 21 
Army Group (June, 1944-May, 1945), Brit. J. Surg. 33:267-274, 1946 


</ 
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Italian and European campaigns, were utilized here.* Of a total of 3,532 
patients with intra-abdominal injuries, 1,136 were reported to have been 
treated by exteriorization with colostomy. There were 396 deaths in this 
group, or a mortality rate of 34.9 per cent. This rate is lower than the 
over-all average of 36.2 per cent for all patients of the second series. 

The third series chosen for study was comprised of patients among 
United States Army personnel who underwent exteriorization with 
colostomy while in a zone of action and who were transferred afterward 
to the Zone of the Interior for continued treatment. This series affords 
a statistical study of colostomy closure and reveals that among 2,102 
persons subjected to colostomy closure in the Zone of the Interior there 
were 11 deaths, or a mortality rate of 0.5 per cent.1° The actual number 
of deaths was almost equally divided between patients in whom the 
intraperitoneal method of closure was used and those in whom extra- 
peritoneal closure was employed, although the mortality rate was some- 
what higher among the latter. It should be acknowledged, however, that 
oftener in the case of seriously ill patients the less extensive operation 
was chosen. 

In summary, the total number of patients who underwent colostomy 
included in this report is 4,939. In 2,837 of these colostomy was employed 
as the primary treatment of injury. The remaining 2,102 were subjected 
to closure of a functioning colostomy opening. In the first group there 
were 891 deaths, or a mortality rate of 31.4 per cent. In the group in 
which closure was performed there were 11 deaths, or a mortality rate 
of 0.5 per cent. 


GENERAL CONSIDERATIONS CONCERNING PROCEDURE 

Questions about the procedure of colostomy usually deal with, first, 
indications for the procedure and the type that should be employed and, 
second, once the artificial anus is established, cases in which it should be 
used and manner of closure that should be performed. 


In the first classification, the question of whether to use suture or 


exteriorization continues to present itself.’ Suture alone may be per 


formed, or this procedure may be coupled with the safer operation of 
proximal colostomy. The general opinion of American and British 


9. History of the Activities of the Second Auxiliary Surgical Group, Surgeon 
General’s Office, Army of the United States, Washington, D. C., 1946 

10. Surgeon General’s Office, Army of the United States, Unpublished Statistics, 
1946; cited by Poer, D. H. The Place of Colostomy in Present-Day Surgery, 
South. Surgeon 14:130, 1948 

ll. Taylor, E. R., and Thompson, J. E Collective Review: The Early Treat 
ment, and Results Thereof, of Injuries of the Colon and Rectum, with 70 Additional 
Cases, Internat. Abst. Surg. 87:105-122; 209-228, 1948, in Surg., Gynec. & Obst 
Aug.; Sept. 1948 
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surgeons on this matter is that the nearer a wound is to the ileocecal 
valve the stronger the indication for suture. With wounds more distal 
from this site, particularly in the descending colon and the sigmoid, 
exteriorization is indicated. The additional factor of safety in an exteriori- 
zation should not be lightly regarded. If suture is not performed along 


with this procedure, there is a functioning colostomy opening. However, 
if suture is performed, then nothing is left to chance, for breakdown of 
the suture line results in a colostomy opening and not in intraperitoneal 


suppuration. It is noted that in the lower sigmoid and the intraperitoneal 
region of the rectum suture with proximal colostomy may be the only 
pre cedure possible since these portions of the large intestine may not have 
sufficient mobility for exteriorization. 

In cases of extensive damage to the bowel, resection may be required 
at the initial operation. Continuity may be reestablished then by primary 
anastomosis and proximal colostomy or by use of the arms of bowel to 
form a double-barreled colostomy opening which may be closed later by 
an accepted method. 

lhe purpose for which the colostomy was established and the location 
of the lesion or wound are the factors which are to be considered in 
determining whether or not the necessity exists for establishing complete 
fecal diversion. For the purpose of decompression of the colon, only an 
adequate opening, and not complete diversion, is required. Most instances 
of suture with proximal colostomy need only an outlet for decompression 
However, with all extraperitoneal wounds of the rectum and, particularly, 
with those cases in which there is involvement of bone or cutaneous 
sinuses, complete fecal diversion is required. In summary, diversion of 
the fecal current must be accomplished in any case in which complete 
defunctionalization of the distal bowel is a paramount aim. 

In a consideration of closure of a colostomy opening, it has been found 
that this procedure may prove simple or hazardous, depending on the 
technic that was used for the colostomy and the conditions under which 
the surgeon worked. Colostomies in military personnel were performed 
usually under duress. Often the surgeon was not allowed an adequate 
amount of time for the careful formation of spurs or measures to prevent 
the rotation of loops. Further, a surgeon was rarely afforded the oppor 
tunity to observe or close at a later time a colostomy opening of his own 
making. Extraperitoneal methods of closure, including spur-crushing 
technics widely used in civilian practice, were used less in military 
practice because of the lack of detailed knowledge available for a given 
colostomy. Variable factors here could be the presence or absence of a 
spur, its length and the possible interposition of loops of small intestine 
or mesentery between the limbs of the large bowel. As a result, closure 
of colostomy stomas in military personnel, largely done in the Zone of 
the Interior, embodied a variety of technics. 
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Advocates of the extraperitoneal and intraperitoneal methods of 
closure cite advantages for each. Extraperitoneal closure, in which con- 
tamination of the general peritoneal cavity is usually avoided, may 
produce a narrowing of the bowel at the site of closure. Closure 
intraperitoneally, however, allows ends of the bowel to be accurately 
visualized and brought together by end to end anastomosis and thus 
assures the establishment of an adequate lumen. While the risks of 
peritoneal contamination are supposedly greater with the intraperitoneal 
method, the impressively low mortality rates for the large body of mili- 
tary personnel receiving this treatment indicates it to be the preferred 
method. 

In addition to colostomy closure, chemotherapy is to be considered 
a valuable adjunct in the treatment of wounds of the colon and rectum. 
Chemotherapy in intraperitoneal colostomy closure affords an additional 
factor of safety and has helped to extend the scope of this method. The 
absorbable sulfonamides and antibiotics have been of chief value in cases 
in which oral or parenteral administration is desired, whereas the 
insoluble sulfonamides have been found most valuable when there is to 
be local use in the preparation of the bowel for anastomosis or colostomy. 
Though there is no doubt that the advance in chemotherapy is to be 
considered, yet it is secondary to that of properly performed definitive 
surgery. 

SUMMARY 


A brief history of colostomy is presented in which the long-standing 
attitude of conservatism toward its use is indicated. Also noted is the 
change that has occurred with regard to this conservative attitude, 
largely as a consequence of the favorable results achieved by military 
surgeons in World War II. 

Selected from reports of the period from 1939 to 1949, a group of 
+,939 cases of injury to the rectum and colon in which colostomy was 
used is reviewed. Of these, 2,837 represent cases in which the primary 
treatment consisted of colostomy alone. The remaining 2,102 are cases 
of a functioning colostomy stoma in which closure was performed. The 
over-all mortality rate for the former group was found to be 31.4 per 
cent. For the group in which closure was done, the mortality rate was 
0.5 per cent. 

Consideration of the figures from military sources shows clearly that 
the liberal use of colostomy accompanied with exteriorization of the 
bowel to some degree has been the greatest single factor in the reduction 
of mortality in the management of injuries of the colon and rectum. 

Concerning technics of operation, with wounds distal to the 
ileocecal valve treatment by exteriorization has been found a safer pro- 
cedure than suture. It is noted, however, that suture with proximal 
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colostomy may be the only procedure possible in treating wounds of the 
lower sigmoid and the intraperitoneal area of the rectum. 

In any case in which complete defunctionalization of the distal end of 
the bowel is desired, diversion of the fecal current must be accomplished. 
Cases in which complete fecal diversion is obligatory are those in which 
there are extraperitoneal wounds to the rectum and, particularly, those 
with involvement of bone or cutaneous sinuses. 

Intraperitoneal closure of colostomy not only is a safer method than 


extraperitoneal closure but also affords more satisfactory results. 


Chemotherapy has proved a valuable adjunct in the performance of 
intraperitoneal closures, helping to extend the scope of this method. 

It has been discovered that colostomy can be performed with a 
minimum of sickness and inconvenience, or deaths, in patients with 
injuries to the large bowel. For this reason, it is believed that today this 
procedure should be used unhesitatingly in any case of injury to the 
colon or rectum in which decompression or defunctionalization 1s 
indicated. 





ESOPHAGEAL LEIOMYOMAS 
Report of Additional Case 


DAVID J. DUGAN, M.D. 
AND 
THOMAS MEAGHER, M.D. 
OAKLAND, CALIF. 


EIOMYOMA of the esophagus is a rare benign tumor. Rose 

4 reviewed the literature in 1936 and found but 49 cases of myoma 
of the esophagus, all of them noted at autopsy. From a series of 7,459 
postmortem examinations at the Mayo Clinic,? 44 benign tumors includ- 
ing 32 leiomyomas were reported. With the increased interest in the 
differential diagnosis of esophageal tumors, more leiomyomas have been 
discovered during life. Recent literature reports 14 cases of surgically 
removed leiomyomas of the esophagus, including those of the esophago- 
cardiac junction. The progress of surgical treatment of this lesion is 
illustrated by a brief review of these cases. 

In 1933 Ohsawa * performed what was probably the first enucleation 
of an esophageal myoma in a 43 year old woman. It was found during 
an esophagocardioplasty undertaken for idiopathic esophageal dilatation. 
Through a thoracoabdominal incision, Brock* in 1942 performed a 
successful resection of the cardia and the lower portion of the esophagus 
with an intrathoracic esophagogastrostomy for a leiomyoma at the 
cardioesophageal junction. In this patient a simple ulceration was 
present in the gastric mucosa over the tumor. 


From the Thoracic Surgical Section, Oakland Veterans Administration 
Hospital 


Sponsored by the Veterans Administration and published with the approval 
of the Chief Medical Director. The statements and conclusions published by the 
authors are the result of their own study and do not necessarily reflect the opinion 
or policy of the Veterans Administration. 

1. Rose, J. D.: Myomata of (Esophagus, Brit. J. Surg. 24:297-308 (Oct.) 
1936, 

2. Moersch, H. J., and Harrington, S. W.: Benign Tumor of the Esophagus, 
Ann. Otol., Rhin. & Laryng. 53:800-817 (Dec.) 1944. 

3. Schafer, P. W., and Kittle, C. F. Esophageal Leiomyoma, J. A. M. A. 
133:1202-1205 (April 19) 1947, 

4. Brock, R. C.: Cardio-CEsophageal Resection for Tumor of Cardia: Report 
of Successful Case, Brit. J. Surg. 30:146-150 (Oct.) 1942. 
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In 1944, Harrington and Moersch® reported two cases. In one, 
that of a 56 year old woman, a tumor was discovered at the cardio- 
esophageal junction. Through a left rectus incision the abdominal por- 
tion of a leiomyoma with the involved segment of stomach and esophagus 
was excised. In the other case, that of a 39 year old man, the lower 
tourth of the esophagus and the cardia of the stomach were resected 
through a left thoracotomy. The leiomyoma was large and lobulated and 
surrounded the lower 5 inches (12.7 cm.) of the esophagus but left the 
mucous membrane intact. This patient died on the fourth postoperative 
day from bronchopneumonia. 

In 1945, Harper and Tisceno® reported the case of a 41 year old 
man with a leiomyoma of the posterolateral wall of the esophagus 
extending behind the arch of the aorta. This patient succumbed four 
days after a resection. Also in 1945, on the basis of a roentgenologic 
examination and esophagoscopy, without biopsy, Calmenson and 
Clagett 7 made a tentative diagnosis of multiple leiomyomas of the middle 
third of the esophagus in a 56 year old man. Through a left transpleural 
approach two tumors were dissected from the muscular wall of the 
esophagus beneath the arch of the aorta. This was the first reported 
case of enucleation of a myonia of the esophagus in which the mucosa 
was left intact. 

Schafer and Kittle * successfully resected a large leiomyoma par 
tially encircling the lower third of the esophagus, together with an ovoid 
portion of the posterolateral esophageal wall, in a 46 year old laborer 
The resulting vertical opening in the mucosa and muscle was sutured 
in layers, and a coexistent diaphragmatic hernia (diagnosed preopera 
tively) was repaired. 

In 1947 three successful thoracotomies were performed for 
esophageal leiomyoma. Kenworthy and Welch* resected the lower 
portion of the esophagus and the cardia and then performed an esophago- 
gastric anastomosis in a 56 year old woman for a tumor thought to be 
a carcinoma of the cardia. On histologic examination it was found 
to be a leiomyoma of the esophagogastric junction. An ulceration of 
the gastric mucosa was noted over the inferior portion of the tumor. 


5. Harrington, S. W., and Moersch, H. J.: Surgical Treatment and Clinical 
Manifestations of Benign Tumors of Esophagus with Report of 7 Cases, J. Thoracic 
Surg. 13:394-414 (Oct.) 1944. 


6. Harper, R. A. K., and Tisceno, E.: Benign Tumor of C£sophagus and 
Its Differential Diagnosis, Brit. J. Radiol. 18:99-107 (April) 1945. 

7. Calmenson, M., and Clagett, O. T.: Surgical Removal of Leiomyomas of 
Esophagus, Am. J. Surg. 72:745-747 (Nov.) 1946. 

8. Kenworthy, R. A., and Welch, C. § Leiomyoma of Esophagus and Cardia 
of Stomach, Surgery 23:745-752 (May) 1948 
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Sweet * performed a myomectomy on a 49 year old patient in whom 
roentgen examination revealed obstruction of the midesophagus by a 
sharply defined mass. As the result of a previous biopsy, the mucosa 
was so adherent to the tumor that the esophageal lumen was entered. 

Hurwitz *° enucleated a large leiomyoma partially encircling the 
esophagus through a right thoracotomy. This was done in a 31 year 
old woman who had no gastrointestinal symptoms but in whom an ovoid 
mediastinal mass was found on routine roentgenographic examination. 
Hurwitz stressed the importance of excising ‘this type of tumor without 
entering the esophageal lumen so as to reduce morbidity and mortality. 

In 1948 Harrington"! presented four more cases of successfully 
resected esophageal leiomyoma. In one, involving a 31 year old man, 
the tumor was discovered on a routine roentgenogram of the chest and 
was enucleated through a right transpleural approach. The mucous 
membrane was not injured. In the second case, that of a 58 year old 
woman, a large tumor in the posterior medial wall of the lower third 
of the esophagus was found. This tumor was also excised by means of 
an extramucosal dissection through a left thoracotomy. The third case 
involved a 53 year old man with an intramural tumor of the lower third 
of the esophagus. This case was observed for nine years. At operation 
some attached mucosa was resected with the tumor. Perhaps the most 
unusual case involved a 19 year old woman who had a large tumor dis- 
placing and partially obstructing the esophagus. It encircled the lower 
third of the esophagus and involved the entire circumference of the 
cardia. Through a right transthoracic and transdiaphragmatic approach 
the lower half of the esophagus and cardial third of the stomach were 
resected and an esophagogastroanastomosis performed. 

In the patient to be reported here, the leiomyoma was enucleated 


and the esophageal mucosa left intact. 


REPORT OF A _ CASE 

\ 27 year old Spanish man was hospitalized on March 11, 1949, complaining of 
frequent attacks of substernal discomfort and a sensation of choking with swallow- 
ing of six months’ duration. For the past two and a half years he had suffered 
from burning epigastric pain, temporarily relieved by milk and alkali. During this 
period, he also suffered from “gas pressure” in the epigastric region and the lower 
part of the chest, occurring a few minutes after heavy meals. A roentgenologic 
examination of the gastrointestinal tract in January 1948 showed it to be normal. 


9. Sweet, R. H.: Leiomyoma of Esophagus, Case Records of the Massa- 
chusetts General Hospital, Case 33252, New England J. Med. 236:955-957 (June 
19) 1947, 

10. Hurwitz, Leiomyoma of the Esophagus, Surgery 25:304-306 (Feb.) 
1949 

11. Harrington, S. W.: Surgical Treatment of Benign and Secondarily Malig- 
nant Tumors of the Esophagus, Arch. Surg. 58:646-661 (May) 1949. 
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In November 1948 he was hospitalized for infectious hepatitis \t that time 
a gastrointestinal duodenal ulcer. On a_ follow-up 
examination the duodenal ulcer was no longer demonstrable but a defect was note 


in the middle third of the esophagus 


roentgenogram revealed a 


rhe lesion was reported as a fusiform mass 
measuring 2.5 by 7 cm. Esophagoscopy was performed but failed to reveal a tumor 
ot the esophagus As his symptoms were minimal, the patient preferred further 
observation to surgical intervention. During the next five months repeated studies 


aiter a barium swallow showed no change of the tumor 


\ week prior to his admission the patient suffered from severe epigastric pain 
l 


not relieved by alkali and daily attacks of substernai distress lasting three to four 


hours following the ingestion of small amounts of food. He felt 


a tightness with 
lodging beneath his sternum 


a sense of tood He had not regurgitated food but 


Fig. 1 Anterior and lateral 
midportion of esophageal lumen 
contrast medium flows around the 


roentgenograms showing the filling defect i 


The esophagus is compressed and widened. The 
smooth margins of the defect 


Was nauseated and would not eat again until the tight feeling within 
subsided 


Physical and routine laboratory examimations gave results which were withi 
normal limits except for midepigastric 


tenderness and a 
he right costal margin 


palpable liver 2 cm 


below 


t 


Roentgenologic examination of the upper part of the 
revealed a large, rather lobulated filling 


gastromtestinal trac 


defect about 8 cm. long in the midportior 


esophagus was compressed from the front back 
vas somewhat widened, and the 


esophageal lumen Phe 


barium sulfate tended to go around 
the defect (fig. 1) The esophagus filled readily, and there was m 
transmission of the barium sulfate The mucosa appeared to be 
lesion was interpreted as a large lobulated leiomyoma or other intra 
The stomach at duodenun vere normal Or 
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examination a tumor in the anterior wall of the esophagus 30 cm. from the incisor 
teeth was seen. It projected into the lumen and was covered by intact mucosa. 
Biopsy was not performed. 

On April 14, 1949, a right thoracotomy was performed utilizing a posterolateral 
incision around the angle of the scapula. A long segment of the fifth rib was 
resected and the pleura opened. The right lung was retracted anteriorly and 
mesially and the posterior mediastinum exposed. A Levin tube, inserted pre- 
operatively, could be palpated through the esophageal wall. A large tumor was 
found within the anterior and left lateral wall of the esophagus at the level of the 
azygos vein. The azygos vein was divided, and the esophageal muscle over the 
tumor was incised longitudinally. The glistening lobulated tumor was then easily 
dissected from the esophageal wall, leaving the mucous membrane intact. The 
longitudinal muscle was approximated with fine interrupted cotton sutures. The 


Fig. 2—A, leiomyoma measuring 2.5 by 6.5 cm. enucleated from the anterior 


and left lateral wall of the midesophagus. 8, cut section of tumor. 


mediastinal pleura was approximated, and an intercostal tube with water-seal 
drainage was inserted in the ninth interspace. The lung was inflated under positive 
pressure, and the chest wall was closed in layers. 

Continuous Wangensteen suction was instituted for the first 24 hours to pre 
vent regurgitation of the gastric contents. When active peristalsis occurred, the 
Levin tube was removed and feedings were started. Convalescence was uneventful 
except for a recurrence of the epigastric burning, which was relieved by a Sippy 
regimen. A roentgenogram of the esophagus on the fourteenth postoperative day 
showed no obstruction or filling defect of the esophagus. The stomach and duo 
denum were within normal limits. 

Pathologic examination revealed a fetus-shaped piece of grayish yellow tissue 
6.5 cm. in length. The diameter varied from 1.2 to 2.5 cm. It was entirely covered 


by a delicate capsule. The cut section showed an irregularly shaped yellowish 


white tissue (fig. 2) Microscopic sections revealed numerous interlacing bundles 
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ot fairly large spindle-shaped cells with eosinophilic cytoplasm and ellipsoid to 
spindle-shaped, light-staining nuclei. The nuclei showed a delicate nuclear mem- 
brane and a light granular distribution of chromatin. In a trichrome stain the 
fibers stained brown, indicating that they were muscle cells. There was no evidence 
of malignancy. The diagnosis was leiomyoma of the esophagus. 


COMMENT 

Leiomyomas of the esophagus occur at any age but more frequently 
after the fourth decade. They may arise at any point but usually occur 
in the lower third of the esophagus. Many patients with esophageal 
leiomyoma are asymptomatic. As growth is usually slow, the tumor 
may attain considerable size or encircle the esophagus before giving rise 
to subjective symptoms. The presence of intermittent retrosternal 
distress aggravated during the ingestion of food or by lying down is 
most characteristic. The patient may complain of difficulty in swallow- 
ing for several years before he seeks medical aid for the dysphagia. The 
intermittent character of the dysphagia has been attributed to spasm of 
the normal esophageal wall at the tumor site. Sweet * reported a case 
of persistent severe dysphagia with esophageal obstruction occurring 
suddenly as in carcinoma of the esophagus. 

Pressure on the trachea or the main stem bronchi may cause inter- 
mittent dyspnea or cough. Tumors in the lower end of the esophagus 
may be accompanied with epigastric discomfort. When located at the 
cardioesophageal junction, ulceration of the gastric mucosa may occur. 
Epigastric pain related to meals or massive gastric hemorrhage have been 
reported for these lesions. 

The diagnosis of benign tumors of the esophagus is usually made by 
roentgenography. A roentgenogram of the chest may demonstrate an 
abnormal mediastinal shadow. Harper and Tisceno ® have aptly pointed 
out that a bulky mobile soft tissue mass attached to the deformed 
esophageal area and more or less bulging into the mediastinum is 
characteristic of a benign esophageal tumor and is different from the 
elongated fusiform soft tissue density ensheathing a stenosing carcinom- 
atous filling defect. The roentgen findings in this case are character 
istic of a benign extramucosal intramural tumor. 

Moersch and Harrington? have indicated that eyen large tumors 
may be missed as the esophagus dilates with the increase in the size of 
the tumor and the picture may be confused with that of cardiospasm 
The tumor may be misinterpreted as being due to retained secretion or 
food. 


* 
Confirmation of the size and position of a tumor may be attained by 


esophagoscopy. However, Samson and Zelman'* and Moersch and 


12. Samson, P. C., and Zelman, J.: Pedunculated Tumors of Esophagus, Arch 
Otolaryng. 36:203-211 (Aug.) 1942. 
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Harrington * have pointed out that benign esophageal tumors may be 
missed on repeated esophagoscopic study for the tumor is covered with 
normal mucosa. This occurred in the case of the patient reported here. 
If surgical removal is contemplated and the tumor is covered by mucosa, 
Calmenson and Clagett * and Adams and Hoover '* recommend that 
inaterial for a biopsy should not be taken. This will minimize the risk 
of perforation, infection or spreading lymphatic infection. 


\Ithough there is no case reported in which malignant change 


occurred in a myoma, French and Garland"! found four cases of 
leiomyosarcoma in the literature and reported a fifth. Harrington" 
encountered two cases of leiomyosarcoma of the esophagus, in one of 
which the tumor was operable. He stated that leiomyosarcoma can 
usually be differentiated from a benign or extramucosal intramural 
tumor as it invades the mucosa and causes ulceration and hemorrhage. 
Surgical removal is the only effective treatment for leiomyoma. As 
the growth arises from the muscular wall and does not involve the 
mucosa, an attempt should be made to excise it without entering the 
esophageal lumen. This has successfully been performed in this case 
and Harring- 


10 


and others reported. (Calmenson and Clagett,’ Hurwitz ! 
ton." ) 

\ right thoracotomy is usually preferable for lesions of the middle 
third of the esophagus. This approach avoids the difficulty of dissecting 
the esophageal growth from beneath the arch of the aorta. The presence 
of a Levin tube within the esophagus may be advantageous in identifying 
a lumen displaced by a large nodular tumor and simplify the extra- 


mucosal enucleation of such a lesion. 


SUM MARY 
The recent literature on surgically treated esophageal leiomyoma has 
been reviewed. An additional case has been reported in which the tumor 
was enucleated by an extramucosal dissection. Various diagnostic and 
technical problems arising in the management of such cases are 


cliscussed 


\dams, R., and Hoover, W. B Benign Tumors of Esophagus: Report of 
|. Thoracic Surg. 14:279-296 (Aug.) 1945 
French, L. R., and Garland, L. H Leiomyosarcoma of Esophagus, Am 


1. Roentgenol, 45:27-31 (Jan.) 1941 





CLINICAL EVALUATION OF ANALGESIC DRUGS 


A Comparison of Nu-2206 and Morphine Sulfate Administered to Postoperative Patients 


R. S. JAGGARD, M.D. 
L. L. ZAGER, M.D. 
AND 
D. S. WILKINS, M.D. 
IOWA CITY 


HIS IS a report of observations made on 1,109 surgical patients 
to whom was administered Nu-2206' (3-hydroxy-N-methyl- 


morphinan hydrobromide) or morphine sulfate during the postoperative 


period, The primary purpose of the project was to compare the duration 


of action of the two drugs and the complications resulting from their 
administration. Secondarily sought was information on the relative 
intensities and duration of pain following various operations and_ the 
efficacy of a certain drug in treating pain at a specific site. 

Denton and Beecher? have focused attention on the difficulties 
inherent in the clinical evaluation of analgesic drugs. .\t the same time. 
such testing is recognized as a necessary complement to experimentation 
on animals and normal human volunteers, because the response to 
medication of patients suffering pain is often different. This experiment 
failed to compare satisfactorily the duration of action of the two drugs 
under study. It is believed that the reasons for this failure warrant 
attention, and they will be noted during the course of the discussion 
The intensity and duration of pain caused by various operations were 
observed with at least moderate success. No information on these points 
had been available previously. An indication was found that morphine 
and Nu-2206 possess different propensities for the treatment of pain at 


various sites. 


rhis project was supported in part by a grant from Hoffmann-laRoche, Inc 
Nutley, N. J. 

From the Division of Anesthesiology (Department of Surgery and = the 
Department of Surgery, State University of lowa College of Medicine, lowa City, 
Towa. 

1. The Nu-2206 used in this series was supplied by Hoffmann-LaRoche, Inc., 
Nutley, N. J. The registered trademark for the drug is dromoran 

2. Denton, J. E., and Beecher, H. K New Analgesics Report of the 
Council on Pharmacy and Chemistry, J. A. M. A. 141:1051 (Dec. 10); 1146 
(Dec. 17) 1949 
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Previous experience with the subcutaneous administration of 
Nu-2206 to patients had indicated that approximately 5 mg. Nu-2206 
was equivalent to at least 10 mg. of morphine sulfate. This was contrary 
to the experience *® with Nu-2206 and morphine in the control of 
experimentally induced pain in normal subjects, for which the ratio 
of potency had been found to be approximately 4 to 1. An impression 
had been gained also from earlier work that the duration of action of 
Nu-2206 was longer than that of morphine. Complications such as 
nausea, vomiting and excessive respiratory depression appeared to be 
of similar frequency as with other analgesic drugs. 


EXPERIMENTAL PROCEDURE 

leven hundred and nine consecutive patients in the general and 
urological surgical wards of the University of Iowa Hospitals were 
assigned to receive Nu-2206 in 5 mg. doses or morphine in 10 mg. 
doses subcutaneously for relief of pain in the postoperative period 
Orders were written for the patients to receive only the designated drug 
every three hours as required for pain. No other analgesic drugs were 
to be administered to the patients. The patients were dived into 14 
classes defined by the operative procedure as listed in table 1. 

Patients under 5 years of age, those with thyrotoxicosis, those with 
intracranial lesions and those not expected to require a five day post- 
operative course were excluded from the series. The initial patient in 
each one of the 14 classes was assigned a drug at random. Thereafter, 
the drugs were alternated for succeeding patients in each class. One 
half the standard dose was given those patients deemed too young or 
too old. The drugs were administered at the discretion of the nursing 
staff, limited by the order described above. Special data sheets were 
placed in the charts, on which the nurses charted the drug doses 
administered, in addition to the regular entries on the nursing notes and 
the narcotic record. The data sheet included spaces for the following 
complications: nausea, vomiting, euphoria, “too sleepy,” respiratory 
depression, abdominal distress and continued pain. The drugs were 
identified only by the code letters “A” and “B,” so that the nursing staff 
would not know which drug a particular patient was receiving. Obser 
vations were limited to the first five postoperative days. (This interval 


was chosen because it was felt that it was the approximate minimun 


time that patients undergoing such operations as appendectomy, high 


saphenous vein ligation and simple hernioplasty would stay in the 
hospital. ) 

3. Zager, L. L.; Sawtelle, W. W.; Gross, E. G.; Nagyfy, S. F., and Tidrick 
Ra Observations on the Use of a New Analgesic, Nu-2206 (3-Hydroxy-N- 
Methylmorphinan Hydrobromide), J. Lab. & Clin. Med. 34:1530 (Nov.) 1949 
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RESULTS 
Of the 1,109 patients, 13 were not included in the series because the 
contemplated operative procedure was not performed and 61 were 
excluded because sone other analgesic drug was administered during 
the first five postoperative days. Six patients had complications severe 
enough to warrant discontinuance of the drug. These complications were 


TABLE 1.—Operative Classes 


No. Who 
No. of Received 
Class Patients Drug Region Typical Operation 
1 45 12 Head and neck Suprahyoid dissection 

Radical neck dissection 
Subtatal thyroidectomy 
Excision parotid tumor 

Upper abdomen Gastrie resection 
Cholecystectomy 
Liver biopsy 
Splenectomy 

Lower abdomen Appendectomy 
Small bowel resection 
Colostomy 
Hemicolectomy 

Abdominal wali Mguinal herniorrhaphy 
Femoral herniorrhaphy 
Tube flaps of abdominal wall 

Thorax, superficial Mastectomy 
Sternal biopsy 
Excision lipomas 

Thorax, deep Theracotomies 
Drainage empyema 

Extremities, Varicose vein ligation or 

soft tissue excision 

Wound débridement 
Tube flap 

Extremities Amputations 

bone Reduction and skeletal tractior 

Bone graft 

Perineal! Hemorrhoidectomy 
Fistuleetomy 
Cireumcision 
Hydrocelectomy 

Spinal Laminectomies 

Integument Skin graft 

Abdominoperineal Abdominoperineal resectior 

Transurethral Transurethral resectior 

Renal Nephrectomy 
Nephrostomy 
Pelviolithotomy 


continued pain (1 patient each drug), itching (1 patient, Nu-2206). 
emesis (1 patient, Nu-2206) and oversedation due to overdosage (2 
patients, Nu-2206). One patient died preoperatively. Five patients died 
postoperatively without having received either narcotic. Four patients 
receiving a narcotic died before the five day period was concluded. The 
causes of death were (1) aspiration on the fourth postoperative day, 
(2) pneumonia, (3) and (4) pulmonary embolism. No death was con 
sidered to have been related to the narcotic assigned to the patient 
Three disoriented patients were excluded prior to the administration of 
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a narcotic. Eight patients were reoperated on within the five day period. 
Two were transferred to other services. One patient who received an 
intercostal block prior to the narcotic sedation was excluded. There 
fore, 1,005 patients fulfilled the criteria for inclusion in the series. 
However, only 642 patients in the series received any analgesic drugs 
during the postoperative period. Because the drugs had been assigned 
preoperatively at random, the patients who received morphine totaled 
338 and those who received Nu-2206 totaled 304. Of those in the 
morphine group, 251 were given the full 10 mg. dose and 87 the 5 mg. 
dose. In the Nu-2206 group 218 received the 5 mg. dose and 86 the 
2.5 mg. dose. In all, the total number of doses of morphine was 1,117 
and of Nu-2206, 1,036. The 642 patients who received either morphine 
or Nu-2206 required an average of 3.4 doses each in the entire five day 
postoperative period. 
INTERPRETATION OF RESULTS 

Comparison of Drugs——Number of Doses: Inasmuch as each 
patient potentially could have received from zero to eight doses per day, 
it was the hope that the number of doses would reflect the duration of 
action of the drugs. It had not been anticipated that so few doses would 
be requested by the patients, and that was the reason for the failure to 
compare the durations of action. There does remain, however, a com 
parison of the number of doses required. To achieve this end most 
fairly, all patients who received no drug at all were eliminated, and two 
analyses of variance were applied to the 642 patients who received either 
one of the two drugs. Analysis of variance * is a_ statistical method 
appropriate for small samples. Each datum enters into the estimate of 
the variation produced by the main sources of variation, i. e.. drugs, 
postoperative days and operative classes, in this experiment. ‘Tests of 
significance of the variation brought about by each main effect and 
of the failure of these sources of variation to respond uniformly with 
relation to each other are provided. For example, the questions, “Did 
the operative classes differ as to the amount of drug administered 7” “Did 
the doses of the two drugs parallel each other in their variation from 
class to class?” will be discussed in detail. The method has been used 
for many years, particularly in agronomy. It has recently been applied 


to medical researches, and several examples of its use in clinical * and 


4. Snedecor, G. W.: Statistical Methods Applied to Experiments in Agriculture 


and Biology, ed. 4, Ames, Ia., The Collegiate Press, Inc., 1946, p. 253 

5. Wilkins, D. S.; Cullen, S. C., and Brotman, M.: Intravenous Supple 
mentation During Nitrous Oxide Anesthesia: Application of Multiple Covariance 
Analysis to the Comparison of Demerol, Morphine and a New Analgetic Drug 
(Nu-2206), Anesthesiology, to be published. 
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laboratory ° studies are cited. One analysis included those who received 


the full dose, and the other included those who were given the half dose 


Within an operative class for a given drug and a given day, the average 


number of doses received by all patients was determined. Thus, an 
average number of doses for each drug within each day and within each 
operative class was found. These means were the individual data to which 
the analyses of variance were applied. | The main sources of variation were 
drugs, operative classes and days. The experiment failed to disclose a sig 
nificant difference between the number of full doses administered in the 
morphine and Nu-2206 groups. Analysis of the half dose group, how- 
ever, showed that the number of morphine doses was the greater, with 
significance beyond the 1 per cent level. That equivalent analgesic 
Paste 2.—Frequency of Complications Among Patients in the Two Drug Groups 
Frequency 


Morphine Nu-220¢ 
Complicatior (n 8) (n (4) 


hi-Square 
Nausea and/or emesis 
Euphoria 

Too sleepy 

Respiratory depression 
Continued pain 

Itching or hives 
Disorientatior 

Sweating 

Restlessness 

Numbness, vertigo, dysphagia 


Sum of 10 chi-squares 


doses were used is indicated by the fact that 37 (10 per cent) of the 
patients receiving morphine and 38 (12 per cent) of those receiving 
Nu-2206 did not experience relief (table 2). Thus, the AD,, suggested 
by Denton and Beecher * had been closely approximated. 
Complications: The frequency, of complications arising among 
patients in the two drug groups is shown in table 2. Analysis by the 
method of chi-square* revealed no significant difference between the 
drugs when the various complications were considered individually. 
The greater incidence of excessive drowsiness and of itching among the 
patients who received Nu-2206 approached significance. The sum of ten 
chi-squares was not significant for 10 degrees of freedom. However, 
6. Wilkins, D. S.: Featherstone, R. M.: Gray, C. E.; Schwidde, J T., and 
Brotman, M.: Studies on the Depression of Brain Oxidations: Biopsy Technique 
and Analysis of Variance in the Selection of a Pentobarbital Concentration, J. Lab 


& Clin. Med. 34:846 (June) 1949 


7. Snedecor,* p 188 
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when the test was applied to the totals of the complications, there was 
found to be a significantly greater incidence following the administration 
of Nu-2206. The difference between the sum of chi-squares and the 
chi-square for totals indicates that the two drugs did not differ uniformly 
from complication to complication. 

Specific Propensities: The number of doses of the two analgesics 
required in each operative class are represented by the figures in table 3 
Widely divergent requirements are seen in classes 10 and 14; that is, 
less morphine than Nu-2206 was required by the patients in the spinal 


column class, while the reverse was true in the renal class. The differ- 


TasLe 3.—Drugs Class Interaction in the Analysis of Variance 
of All Patients on a Full Dose of Morphine or Nu-2206.* 


f Drug 
Ope e \ ‘ 
poo Morphine Nu-2206 Total 
] 0.77 0.36 1.13 
2.02 2.06 4.08 
2.79 2.18 4.97 
1.84 O.R8 2.72 
1.13 0.28 1.41 
5.29 5.27 10.56 
1.04 75 1.60 
3.26 1.66 4.92 
1.51 1.55 3.06 
4.00 12.43 16.45 
2.9) 4.36 
1.50 
1.61 1.46 


18,82 10.43 


Total ‘ 48.69 46.46 


* Patients who required no analgesia are included. Each figure represents the total of five 
days’ injections in the operative class and drug group specified. Difference between the two 
drugs within an operative class which is necessary for signifleance at the 5 per cent level a 


ence necessary for significance is given to facilitate comparisons within 
the other classes. Over-all variations of this type were significant at the 
1 per cent level. 

Comparison of Operative Classes—Intensity and Duration of Pain: 
It was believed that the number of doses per day would indicate the 
intensity and duration of the pain following the various operative pro- 
cedures. However, such comparisons would more appropriately, also, 
include those patients who required no analgesic drug. Hence, two 
additional analyses of variance were computed, one for the full dose 
group and one for the half dose group. These analyses were similar to 
the previously described ones, with the addition of those patients who 
received no doses. There was found a difference among operative classes 
the significance of which was beyond the 1 per cent level. Numbers 
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representing the requirements of patients in the different operative 
classes appear in the right hand column of table 4. 

A linear decline in number of doses per day may be observed in the 
totals across the bottom of table 4. The number of doses varied from 
day to day, with significance at the 1 per cent level. However, the 
failure of the operative classes to change from day to day in a uniform 
manner was significant at the 5 per cent level. For example, classes 10 
and 14 obviously did not follow that pattern. Instead, these classes, 
composed of the spinal column and renal patients, did not exhibit the 


marked downward trend from day to day. 


Taste 4.—Class « Time Interaction in the Analysis of Vartane: 
of All Patients on a Full Dose of Morphine or Nu-2206.* 


Day 
(operative 
(lass l 3 5 Total 


Total 


* Patients who required no analgesia are included. Each figure represents the combine: 
total of injections in both drug groups for the operative class and day specified. Difference 
hetween the totals of any two operative classes which is necessary for significance at the 5 per 
ent level ».42 


COMMENT 
It seems pertinent to observe that this experiment probably did not 
accomplish a comparison of the duration of action of morphine and 
Nu-2206. It may be mentioned, however, that a previous experiment 
with morphine, Nu-2206 and meperidine hydrochloride (demerol®) 
administered intravenously during nitrous oxide anesthesia also failed 


to disclose a significant difference between the duration of action of 


morphine and Nu-2206. The present experimental design was deficient 


because in this hospital the nurses, acting on order, administered infre- 
quent doses. It will be recalled that only 64 per cent of 1,005 patients 
received a narcotic and that the number of doses given to that 64 per 


cent averaged only 3.4 during the whole five day observation period. 
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The comparison of numbers of doses given in the two drug groups 
is valid. The patients within each operative class who received a nar- 
cotic were evenly divided as to the drug they received. A question arises 
because it appears probable that the number of doses did not measure 
duration of action, On the other hand, the number of doses may well 
have been an indication of the severity and course of pain, as well as of 
the more efficacious drug, after a given class of operative procedures. 
It is believed that the comparisons among operative classes in this 
experiment can serve as valuable guides but that they should not be 
considered conclusive because of the wide range of numbers of patients 
in the various classes. The suggestion is made that these comparisons 
might differ considerably from clinic to clinic. 

\s has been pointed out, the actual giving of the drugs was left to 
the discretion of the nursing staff, and the experiment represents the 
use of narcotics administered on that basis. Thirty and nine-tenths per 
cent of all doses were given between the hours of 8 and 10 in the evening, 
and &9 per cent were given at precisely 9:00 p. m., which in this 
hospital is the time at which the lights are turned out in the wards. It 
is possible, therefore, that a substantial portion of the drug doses was 


administered to patients who could not go to sleep and were prohibited 


from receiving hypnotics, which would have normally been given in the 
same circumstances. 

In spite of what had seemed to be adequate precaution against the 
giving of other analgesic or hypnotic drugs, some patients did receive 
them during the observation period. Other drugs which can alter 
requirements for analgesia were occasionally administered, such as 
acetylsalicvlic acid for temperature elevation, barbiturates for sleep, 
alcohol for nutrition and powdered opium for its constipating effect. 
The limitation of drugs to the narcotics under study had another funda 
mental drawback. For example, if a patient limited to morphine 
during the postoperative period was given that drug for a headache or 
dysmenorrhea, the record would have indicated that the patient had 
postoperative pain, which was not actually the case. However, to have 
given another drug, more appropriate for such a minor complaint, might 
have reduced the requirement of the drug under study for actual post 
operative pain. This conflict was resolved by giving acetylsalicylic acid 
for minor unassociated discomforts, and patients who received another 
weak analgesic drug for such reasons were generally included in the 
series 

In retrospect, it would seem from our experience that to compare 
adequately the actions of analgesic drugs the following factors should be 
controlled or accurately assayed: (1) the patient and his attendant 


pain threshold and personality, (2) the disease, the pain varying greatly 
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from one disease to another, (3) the time within the course of the disease, 
for a given patient’s reaction often varies markedly, (4) the person 
administering the drugs and (5) the effect of the drugs administered 
\s has been suggested by Denton and Beecher, the patient, disease and 
time can be controlled by administering the several drugs to be studied 
to the same patient within a short span of time. The person administering 
the drugs can be controlled by allowing only one to do it, but this is not 
an easy solution. As for the fourth item, there is no commonly applied 
objective measurement of analgesia in patients suffering from clinical 
pain. However, it may be emphasized that this type of experiment can 
serve a useful function in comparing the properties and duration of pain 
following various operations and that it can indicate individual drug 
propensities for treating pain from different operative sites. A method for 
either of these evaluations in patients has not been previously advanced 
In addition, it is possible that the most reliable comparisons of drug 
complications will arise from a large series of patients suffering from 
clinical pain while receiving the analgesics under study, as was the case 
in this experiment. 


SUMMARY AND CONCLUSIONS 


One thousand and five postoperative patients in the general and 
urological surgical services were assigned to receive either Nu-2206 in 5 


or 2.5 mg. doses or morphine sulfate in 5 or 10 mg. doses as the only 
analgesic drugs during a five day postoperative period. The following 


conclusions may be drawn 


1. Only 64 per cent of the 1,005 patients required analgesics. The 
mean number of doses administered during the entire five days was 3.4 


2. .\ comparison of pain caused by various operative procedures in 


this clinic was made, probably with fair validity. Patients who undetwent 
deep thoracic, spinal column and renal operations were the most out 
standing in their requirements for analgesics. Differences among the 
operative classes were significant at the 1 per cent level 

3. A measure of the time course of postoperative pain was achieved, 
again with moderate validity. Patients who underwent spinal column and 
renal operations were outstanding in that their analgesic requirements 
did not decline markedly during the five day observation period. Varia 
tions of this nature were significant at the 5 per cent level 

+. An indication of the specific suitability of a given drug for pain 
following a particular class of operations was found. For example, less 
morphine than Nu-2206 was required by patients in the spinal column 
class, while the reverse was true in the renal class. Such variations were 


significant at the 1 per cent level. 
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5. This experiment did not show a significant difference in the 
duration of action between Nu-2206 and morphine sulfate used for 
clinical postoperative pain except in those age groups requiring half the 


standard dose, for which morphine was used in greater quantities 


Possible reasons for the failure to measure adequately the duration of 
analgesia are discussed. 

6. \ greater number of complications occurred among patients 
receiving Nu-2206, with P equal to 0.03. It is suggested that the most 
satisfactory comparison of drug complications can be made in a large 


series of patients suffering pain. 





MECKEL’S DIVERTICULUM 


Review of the Literature and Report of an Unusual Case 


W. H. MERRITT, M.D. 
Resident in General Surgery, Veterans Administration Hospital 
AND 
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ECKEL’S diverticulum, although not a common anomaly, has 

occupied a prominent place in the medical literature during the 
past half century, mainly because of the fact that it has a remarkable 
facility for producing complex and unusual clmical symptoms which 
defy accurate diagnosis. The embryologic, pathologic and clinical aspects 
of this anomaly have been established and capably presented and reviewed 
by many authors. It is not our intent to present a detailed discussion of 
what is well established but only to summarize the important facts and 
to present an unusual case. 


HISTORICAI BACKGROUND 


To Johann Fredric Meckel, a German anatomist and surgeon, is 
credited the first adequate description of the origin and clinical signifi 
cance of the diverticulum bearing his name today, which appeared in a 
series of three papers published between 1808 and 1815. However, 
earlier reports of ileal diverticula appeared in the literature by Hildanus 
in 1598 and by Lavater in 1672. In 1700 Littre described the occur 
rence of a diverticulum of the ileum in a hernia, a condition which has 


since been known as Littre’s hernia. 


INCIDENCI 


The incidence of Meckel’s diverticulum derived from various reports 
of autopsy material varies between 1 and 2.5 per cent. Christie reported 


an incidence of 1.1 per cent in a series of 5,768 unselected necropsies 
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Figures derived from reports of laparotomies are generally lower than 
those derived from autopsy material. Harbin reported an incidence of 
1.3 per cent in 507 consecutive laparotomies, in each of which the diver 
ticulum was carefully looked for. Noel reported a series of 25 cases 
found samong approximately 12,000 intra-abdominal operations, an 
incidence of 0.21 per cent. 

The incidence of Meckel’s diverticulum, as well as the complications 
resulting therefrom, is higher in males than in females, the ratio ranging 
from 2.1 to 4.1 in the various series reported. No suitable explanation 
has been given for this difference. 


EMBRYOLOGY AND ANATOMY 

Embyyology.—Meckel established the congenital origin of the diver- 
ticulum as incomplete obliteration of the omphalomesenteric duct which 
connects the yolk sac with the intestine during the first few weeks of 
fetal life. Obliteration of the duct begins in about the fifth week of 
fetal life and is complete at about the seventh week. Various degrees 


of failure of obliteration results in various “anatomic types” ranging all 
the way from complete patency of the duct, in which a fecal fistula 
opening at the umbilicus results, to persistence of the proximal end only, 
resulting in an outpouching of the intestinal tract, usually of the terminal 
portion of the ileum. It is the latter type of defect which is commonly 
referred to as Meckel’s diverticulum. Thompson groups the anatomic 
types most commonly seen and gives the incidence of each as follows: 
1. The typical diverticulum given off from the antimesenteric side of 
the ileum, lying free in the peritoneal cavity and presenting a closed 
distal extremity (82.5 per cent). 2. Partial obliteration with a fibrous 
band running from the tip of the diverticulum to the umbilicus or to 
some adjacent structure (10 per cent). 3. Umbilical fistula (6 per 
cent). 4. The giant diverticulum of bizarre form or shape, sometimes 
coming off from the mesenteric side of the ileum and developing between 
the folds of the mesentery (0.5 per cent). 5. The umbilical polyp, either 
attached to the remains of the omphalomesenteric duct inside the abdomen 
or entirely cut off from internal connection (0.5 per cent). 6. The 
simple intramesenteric variety (0.5 per cent). 

Anatomy.—Meckel’s diverticulum differs from other diverticula of 
the small intestine in that it contains all the layers of the muscularis 
of the intestinal wall. The blood supply of the diverticulum is derived 
either from the adjacent bowel wall or from its own mesentery, which 
in turn arises from the mesentery of the small bowel. The size varies 
greatly but averages 3 to 5 cm. in length. Many giant diverticula have 


been reported, the largest described in the literature being 104 cm. It is 


felt by many authors that these giant diverticula belong in the category 


of “duplications of the alimentary tract.” In form, the diverticulum is 
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most commonly cylindrical with a tapering end, its base being approxi 
mately the same size as the diameter of the intestinal lumen from which 
it originates. The large mouth of the diverticulum, resulting in adequate 
drainage into the lumen of the bowel, explains the rarity of demonstrating 
this anomaly roentgenologically by means of the barium meal and special 
studies of the small bowel. It also helps to explain the relative infre 
quency of acute inflammatory changes with perforation and gangrene 
On the other hand, the large opening definitely predisposes to intus 
susception. 

The site of origin of Meckel’s diverticulum varies. It may arise from 
any portion of the intestinal tract, although the terminal portion of 
the ileum is the predominant site. In 63 cases involving children, reported 
by Christie, the diverticulum was observed to occur between 15 and 
90 cm. from the cecum, with an average distance of 50.6 cm. Kittle 
and others cited four cases from the literature in which the diverticulum 
arose from the vermiform appendix. The diverticulum may arise from any 
point on the circumference of the bowel, the predominant location being 
antimesenteric. It rarely occurs between the leaves of the mesentery. 


HETEROTOPIA 

Phe mucosa of Meckel’s diverticulum, in the majority of cases, 1s 
that of the small intestine from which it takes origin. However, hetero 
topic tissue has been found to exist, the incidence, according to various 
reports, varying between 15 and 25 per cent. The incidence rises 
sharply to 60 to 70 per cent in cases in which symptomatic pathologic 
lesions are present 

The presence of gastric, duodenal, jejunal and colonic mucosa, as 
well as of pancreatic tissue, has been reported. Gastric mucosa is the 
most frequent, occurring in 16.6 per cent of all cases of Meckel’s diver 
ticulum, according to Shaetz 

Several theories have been proposed to explain the occurrence of 
this aberrant tissue: 1. The pluripotential theory of Albrecht, which 
states that the entoderm lining the primitive intestinal tube, including the 
omphalomesenteric duct, possesses the potentiality of developing into any 
of the glandular elements of the adult gastrointestinal tract. 2. The 
reimplantation theory of Shaetz, which proposes that during early fetal 
development there may be a transference of entodermal cells lining the 
primitive intestinal tube, due to the rotating movements of the embryo 
with reimplantation of these cells at narrowed points in the gastrointesti 
nal tract, i.e., at the beginning of the esophagus, in the region of the 
pylorus and duodenum and in the obliterating omphalomesenteric duct. 3 
Che embryonal digestive system of Farr and Penke, which holds that the 
vitellointestinal duct may in early fetal life have a digestive function and 


hence would embody a complete primitive digestive system. 4. The 





1086 ARCHIVES OF SURGERY 


dysembryoma theory of Greenblatt and his associates, which agrees 
with the theories of Albrecht and of Farr and Penke but goes one step 
further, stating that while normally this primitive digestive system dis- 


appears as soon as its function ceases occasionally ‘‘a vestige of hetero- 
topic tissue remains as a consequence of retarded normal embryological 


retrogression of;the omphalomesenteric duct.” 


NONMECKELIAN DIVERTICULA 


Nonmeckelian diverticula are usually multiple and occur more com- 
monly in the jejunum, although single diverticula of nonmeckelian origin 
have been reported in the literature. They are usually thin walled, 
being devoid of muscle layers, and are most commonly located adjacent 
to or within the leaves of the mesentery. They are subject to essentially 
the same complications as are encountered in Meckel’s diverticula. 


CLINICAL PATHOLOGY 

Heterotopic gastric mucosa is of special importance because of the 
high incidence of peptic ulceration occurring in such diverticula, whereas 
the presence of other heterotopic tissue has little if any clinical signifi- 
cance. Dragstedt has shown that such aberrant gastric mucosa is capable 
of producing hydrochloric acid and pepsin, firmly establishing the origin 
of ulceration in these anomalies. The ulcers most commonly occur at the 
junction of the gastric and ileal mucosa at the base of the diverticulum, 
although ulceration of the ileum opposite Meckel’s diverticulum may 
occur. The two commonest complications of ulceration are hemorrhage 
and/or perforation. Cobb, reporting on 110 cases of ulceration in 
Meckel’s diverticulum associated with the presence of gastric mucosa, 
noted hemorrhage in 72 per cent and perforation in 55 per cent. Thomp 
son collected 36 cases of perforation of Meckel’s diverticulum due to 
ulcer; gastric mucosa was present in all except two cases. Schullinger 
and Stout, in 68 cases of bleeding diverticulum, found gastric mucosa 


in 72 per cent. Ulceration in Meckel’s diverticulum occurs predomi- 


nantly in the first and second decades of life, although no age group is 


immune; it is the commonest cause of intestinal bleeding in the young. 
\cute perforation, likewise, is most common in the growing child, being 
rare in the older age group. 

Meckel’s diverticulum may be present throughout life without giving 
rise to symptoms. It has been estimated that pathologic changes respon 
sible for symptoms develop in from 15 to 25 per cent of the diverticula. 

1. Meckel’s diverticulum is subject to inflammatory changes giving 
rise to signs and symptoms indistinguishable from those of appendicitis. 
rhe inflammation may be acute and severe or chronic and mild. Per- 
foration with peritonitis may occur, the latter being of much more 
lethal character than that seen with a perforated appendix due to less 
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efficient “walling off’ and to greater volume and fluidity of intestinal 
contents. Inflammation, with or without perforation, is commoner in 
children than in adults. 


2. Peptic ulcer with hemorrhage and or perforation associated with 


the presence of heterotopic gastric mucosa is a frequent complication in 


infancy and childhood and has been discussed above under “hetero 
topia.”. This is the only complication of Meckel’s diverticulum, other 
than umbilical lesions, which can be diagnosed preoperatively from the 
cardinal signs and symptoms of massive or repeated intestinal hemorrhage 


occurring in infants and children and accompanied with varying degrees 


Surgical Complications in Meckel’s Diverticulum 


Group Findings Symptomatology 


Peptic group { without uleeration May simulate duodenal ulcer 


Gastric 
mucosa 


with ulceration 
uleer and hemorrhage 
\ uleer and perforation 


History of intestinal 
hemorrhage 
Peritonitis due to 


perforation 

Signs and symptoms of 
intestinal obstruction 
may vary from chronic to 
acute; partial to complete 
obstruction 


Intussusception 

Volvulus 

sands and adhesions 

Contents of inguinal or 
femoral hernia 


Obstructive group 


The symptomatology is 
essentially that of 
appendicitis 


Simple acute inflammation 

Acute with perforation and 
gangrene 

Chronic 

Feeal fistula 

Umbilical adetr 

Prolapse of intestine 
through umbilical fistula 


Diverticulitis group 


Lesions of the umbilicus 
are often associated with 
an underlying omphalo 
mesenteric duct 


Umbilical group 
oma 


Symptoms of bleeding, 
ntussuseeption or 
obstruction 


Tumor group enterocystoma 
carcinoid 
adenoma 


\ mesodermal tumors 


Benigt 


) carcinoma 


Mi rnar 
falignant / sarcoma 


) pancreatic tissue 


¢ stop 
Heterotopic / embryonal rests 


Incidental group Normal intestinal strueture 


of abdominal pain. Other causes of bleeding from the gastrointestinal 
tract in children such as the hemorrhagic diseases, intussusception and 
isolated polyps of the colon can be easily ruled out. 

3. Meckel’s diverticulum may be the cause of intestinal obstruction ; 
it may act as an axis about which the bowel may rotate to form a volvulus 
or, when attached to the abdominal wall or the neighboring organs, form 
an opening through which various forms of internal strangulation may 
take place. In addition, the diverticulum may occasionally be the lead 


ing point of an intussusception. Halstead, in reviewing 69 cases of 

intestinal obstruction, found 6 per cent due to Meckel’s diverticulum. 
+. Lesions of the umbilicus are commonly associated with incomplete 

obliteration of the omphalomesenteric duct. Such defects as fecal fistula 


and umbilical adenoma are easily recognized. 
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5. Tumors, both benign and malignant, have been reported by several 
authors as occurring in Meckel’s diverticulum. 

6. Calculi and various types of foreign bodies have been encountered 
giving rise in several instances to inflammation, perforation and intestinal 
obstruction. 

Greenblatt, Pund, and Chaney analyzed 18 cases of Meckel’s diver- 
ticulum observed at the University Hospital, University of Georgia 
School of Medicine, and presented an excellent classification of the 
possible surgical complications of this anomaly, reproduced in the table. 


DIAGNOSIS 

Preoperative diagnosis of Meckel’s diverticulum is rarely made 
since no truly specific diagnostic criteria exist. The clinical signs and 
symptoms are those of the particular pathologic changes present, which 
are in no way specific and actually arise more commonly from similar 
changes in other susceptible abdominal organs. The “obstructive,” 
“diverticular” and “tumor” groups in Greenblatt’s classification offer 
no clearcut differential signs which may rule out the more frequently 
encountered abdominal lesions. The diagnosis of the umbilical group 
of lesions, such as fecal fistula with or without prolapse of the bowel 
and adenoma, becomes possible because they can be readily determined 
by inspection and it is well established that these lesions are often associ 
ated with an underlying omphalomesenteric duct. It has been well 
established that peptic ulceration in Meckel’s diverticulum with hemor 
rhage is seen most commonly in infants and children and should be 
strongly considered in the differential diagnosis of intestinal bleeding in 
this age group. Roentgenologic study, according to Pfahler and others, 
has little value as a diagnostic aid; only on rare occasions has it been able 
to demonstrate a Meckel diverticulum with serial studies of the small 
bowel 

TREATMENT 

The treatment of Meckel’s diverticulum is always surgical, the 
underlying principle being excision. The method of excision varies 
depending on the views of the particular authority concerned, ranging 
from excision with the same technic as used for appendectomy to resec- 
tion, including the adjacent bowel, with subsequent anastomosis. Matt 
and Timpone, stating that gastric mucosa occurring in the diverticulum 
frequently is found in the walls of the ileum at the base of the diverticu 
lum, recommended wide excision or ileal resection. Curd, however, 


in a report on the histology of Meckel’s diverticulum, found that hetero- 


topic gastric mucosa when present always occurred in the distal part of 


the diverticulum. Therefore heterotopia, per se, would not appear to 


be a valid indication for bowel resection. On the other hand, pathologic 
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changes in the adjacent bowel wall will in most instances require seg- 
mental resection with reestablishment of continuity of the bowel. In 


the majority of cases encountered, simple excision between clamps fol- 


fowed by repair of the defect with two rows of sutures is the procedure 
of choice. Ladd and Gross recommended that clamps be placed at a 
45 degree angle to the long axis of the bowel to produce less constric 
tion of the lumen. 

Invagination of the diverticulum should not be done because, in addi 
tion to leaving possible heterotopic tissue in situ, the resulting intra 


luminal mass may be the leading point of an intussusception. 


REPORT OF <A_ CASI 


I. V., a white man aged 52, was first admitted to the Veterans Administration 
Hospital on the evening of Aug. 2, 1948, for repair of a postoperative ventral 
hernia. His only complaint on admission was protrusion of the abdomen at the site 
of a right lower rectus scar, accompanied with intermittent moderate dull pain 
and occasional nausea but no vomiting; these symptoms had been present for 
approximately one month. The following morning he complained of severe pain 
and tenderness in the right side of the abdomen, chilly sensations and fever. The 
past history revealed that he had been operated on for “acute appendicitis” in 1936 
and was hospitalized for six weeks because of “drainage from the wound.” Shortly 
thereafter he noticed a hernia at the operative site and stated that he had infrequent 
intermittent attacks of abdominal pain, which were mild, cramplike, and usually 
located to the right of the umbilicus. In July 1946 he became acutely ill with pain, 
swelling and tenderness in the right lower quadrant. Operation was again per 
formed, at which time an abscess was drained and, according to the patient, a 
“remnant of appendix” removed. The operative wound healed in six weeks, but 
the hernia remained 

Physical examination revealed a well developed obese man who appeared acutely 
ill. The temperature was 102.4 F., the pulse rate 100, the respiratory rate 20 and 
the blood pressure 110 systolic and 80 diastolic. There was a 6 inch (15 em.) 
right lower rectus surgical scar with a defect in the deep fascia measuring 3 by 4 
inches (7.6 by 10 cm.). Immediately lateral to the upper portion of the scar was a 
semifluctuant tender mass, about the size of a large grapefruit, extending upward 
to the level of the umbilicus. The liver, spleen and kidneys were not palpabl 
Peristalsis was normal 

rhe leukocyte count was 25,500, with 81 per cent neutrophils. The hemoglobit 
content was 78 per cent (12 Gm.). Urinalysis gave a negative reaction 

Course in the Hospital—A diagnosis of abdominal abscess was made and surgi 
cal drainage through the old right rectus scar instituted; a large abscess cavity 
containing approximately 1 pint (500 ce.) of pus was found. Culture revealed 
Bacillus aerogenes and diphtheroids. The temperature promptly returned to normal, 
and the patient felt well. In an attempt to determine the origin of the abscess 
cystoscopy and retrograde pyelography were done and results were normal. Like 
wise, roentgen examination of the large bowel by means of the barium enema failed 
to reveal any pathologic changes 

The wound healed completely, with obliteration of the abscess cavity, except 


for the persistence of a small sinus tract from which a small amount of purulent 


material drained intermittently Culture o us drainage revealed Bacillus coli, 
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nonhemolytic Streptococcus and Staphylococcus albus. The patient was dis- 
charged thirty days after surgical drainage of the abscess to return in sixty 
days for further observation. 

He was readmitted to the hospital on Dec. 10, 1948, approximately four months 
having elapsed since his first admission. During the period he had continued to 
have mild, intermittent, right lower quadrant abdominal pain, which on one occa- 


sion was severe and accompanied with lower abdominal “cramps” and fever. This 





Fig. 1—-Photograph of gross specimen. The probe has been passed through 
the diverticulum, the tip emerging through the opening in the ileum 


severe attack lasted for twelve hours, terminating with the occurrence of a large 


amount of purulent drainage from the persistent sinus tract in the right lower quad- 
rant which he stated had a fecal odor. 


Physical examination revealed no abnormali- 
ties except for the presence of the small fistulous tract in the previous operative 
scar, with some tenderness to palpation in this area. The sinus tract could be 
probed upward and medially for a distance of 6 cm. There was a small amount of 
purulent drainage having a definite fecal odor; the predominant organism on 
culture was again B. coli. 
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Exploratory laparotomy was done on Dec. 13, 1948. The sinus tract was found 


to enter a firm inflammatory mass, measuring 5 cm. in diameter and _ located 
between the leaves of the mesentery of the ileum adjacent to the bowel wall, 18 
The adjacent bowel wall, for a distance 


inches (46 cm.) from the ileocecal valve. 
The remainder of the 


of 5 cm. on each side of the mass, was thickened and firm. 


bowel was normal to inspection and palpation. A diagnosis of Meckel’s diverti- 


culum or regional ileitis was made, but positive differentiation could not be estab- 


Fig. 2.—Photomicrograph of section through diverticulum. 


lished at operation. Resection of the involved bowel and mesentery was done with 


end to end anastomosis to reestablish the contmuity of the intestinal tract. The 


postoperative course was uneventful, the patient being discharged two weeks after 
remained in good health, with no recurrence of abdominal 


operation. He has 

complaints 
Pathologic Report.—Gross Examination The specimen consists of a segment 

of ileum 10 cm. in length. In the middle of the segment there is a firm mass 4 to 


5 cm. in diameter which projects from the serosa between the leaves of the mesen 
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tery 


There is a narrow tract extending from the mucosa of the ileum through 
On section through the mass the tract is found to be lined with granu- 
lar soft gray tissue similar in appearance to the mucosa of the ileum. 


this mass 


The tract 
is surrounded by firm gray tissue 1.0 to 2.5 cm. in thickness 





Fig. 3.—Photomicrograph of wall of diverticulum showing well defined mucosa, 
submucosa and muscle layers 


Microscopic Examination: Sections of the tract at various levels show a mucosa 


of the small bowel type, muscularis mucosa, a thick layer of fibrous tissue in the 


submucosa and an outer layer of thick bundles of smooth muscle 


In some sections 
definite circular and 


longitudinal muscle layers can be 


distinguished. There is 
considerable infiltration of the 


wall of the tract by lymphocytes, plasma cells, 
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eosinophi's and neutrophils. Some parts of the tract show extensive fibrosis in 
the wall. Thorough study of multiple sections revealed no heterotopic tissue 

Pathologic Diagnosis —The diagnosis was Meckel’s diverticulitis with per 
loration and abscess formation 

COMMENT 

This case has a number of unusual and interesting aspects, some of 
which are conjectural. Whether or not the patient’s “appendicitis” with 
drainage from the operative wound for six weeks in 1936 was the result 
of diverticulitis must be considered. Could the intermittent cramping 
pains which had occurred since that time be related to the Meckel diver 
ticulum? It seems likely that the patient's illness in 1946, when a “rem 
nant of appendix” was removed and the wound again drained for six 
weeks, was due to Meckel’s diverticulitis. Certainly the abscess incised 
and drained in August 1948 was the result of Meckel’s diverticulum, 
and from this time until December, when the patient's lesion was extir 
pated, he continued to have intermittent cramping abdominal pains similar 
to those he had had for the preceding twelve years. After excision of the 
diverticulum and the contiguous involved bowel, the patient remained 
completely free of all abdominal complaints. It seems conceivable that his 
abdominal symptoms which dated to 1936 were due to Meckel’s diverticu 
lum. Because of these symptoms, the patient was twice operated on. 
with a diagnosis of appendicitis, and in neither instance was the diverticu 
lum found. The reason for this oversight may have been the intra 
mesenteric position of the diverticulum, or it may be that the disease 
was not suspected. 


If we can draw any conclusions from this case, we must reiterate 


the dictum that Meckel’s diverticulum should be suspected in any patient 


who has signs and symptoms of appendicitis but who at operation does 
not have the disease. The possibility of recurrent abdominal abscesses 
and /or fistulas being due to Meckel’s diverticulum has also been demon 
strated by this case. 
SUMMARY 

The literature on Meckel’s diverticulum has been reviewed and some 
of the pertinent facts regarding this lesion enumerated \n unusual 
case of Meckel’s diverticulum which produced recurrent abdominal 


abscess and fistula is presented. 
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ISLET CELL ADENOMA 


Three Cases, One Extrapancreatic, Cured by Operation 


DAMON 8B. PFEIFFER, M.D. 
AND 
DAVID B. MILLER, M.D. 
ABINGTON, PA 


*INCE Roscoe Graham ! first successfully diagnosed and extirpated 
an islet cell adenoma of the pancreas in 1929, this entity of hyperin 


sulinism due to adenoma has been well recognized and_ successfully 


treated. McClure and Brush? report that approximately 140 patients 


have been successfully operated on for this condition, but there appear in 
the literature only 5 cases of functioning extrapancreatic islet tumors 
causing hyperinsulinism. To these totals we should like to add three 
cases, in one of which the adenoma was extrapancreatic in location 


Case 1—M. J., a white woman aged 64, first came under observation in 1936 
when she was admitted to Abington Memorial Hospital complaining of double 
vision of 18 months’ duration, fainting spells and dizziness. She obtained partial 
relief with the ingestion of sugar Her glucose tolerance curve on several 
occasions when she was admitted to the hospital led to a tentative diagnosis of 
hyperinsulinism, though a small calcified nodule seen in the left parietal region 
on a roentgenogram suggested the possibility of brain tumor. She was hospitalized 
on several occasions, treated by a high carbohydrate diet and a change of glasses 
and kept under observation. Repeated glucose tolerance curves showed the typical 
hyperinsulinism curve. She gained 42 pounds (19 Kg.) in four years by satisfying 
a “ravenous” appetite with large amounts of sugar. The abdomen was _ finally 
explored on June 14, 1940, at which time a small, yellowish blue, rubbery nodule 
was discovered and removed from the tail of the pancreas 

Examination of the nodule revealed an encapsulated tumor 1.4 cm. in 
diameter containing cells in no definite arrangement with oval nuclei and eccentric 
nucleoli. A diagnosis of islet cell tumor was made, and a postoperative glucose 
tolerance curve was comparatively normal 

The patient has had no further symptoms. She is still living, and a recent letter 
States that she is in excellent health. 


From the Pfeiffer Surgical Clinic, Abington Memorial Hospital 

Read in part before the Philadelphia Academy of Surgery, Nov. 7, 1949 

1. Cited by Howland, G.; Campbell, W. R.; Maltby, FE. J., and Robinson, 
W. L.:  Dysinsulinism Convulsions and Coma Due to Islet Cell Tumor of 
Pancreas, with Operation and Cure, J. A. M. A. 98:674 (Aug. 31) 1929 

2. McClure, R. D., and Brush, B. FE Experiences with Islet Cell Tumors, 
Arch. Surg. 59:507 (Sept.) 1949 
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Case 2.—G. L., a white woman aged 41, was admitted to the hospital in coma 
on April 11, 1944, with a history of vomiting for two days. She had become dizzy 


during the preceding morning and rapidly fell into coma. The blood sugar content 
on her admission was 35, and she rapidly responded to the administration of glucose 
Her glucose tolerance curve suggested hyperinsulinism. Her next admission was 
on Jan. 3, 1945, at which time she complained of weak spells, dimness of vision 
chilly sensations and drowsiness on arising. She had gained 15 pounds (6.8 Kg.) 
and relied on the ingestion of sugar to alleviate her symptoms The glucose 
tolerance test again revealed evidence of hyperinsulinism, and she was advised to 
have surgical exploration. This was done on January 10, at which time she was 
three months pregnant. Operation revealed a normal pancreas without evidence of 
induration or tumor Exploration of the vicinity of the pancreas was then 
carried out, and a suspicious area was palpated deep within a large amount of 
retroperitoneal fat, above and behind the head of the pancreas, medial to the 
second portion of the duodenum. Dissection of this fat revealed a typical islet 
cell tumor distinct from the pancreas This tumor was excised and sterilization 
performed. Therapeutic abortion was performed the following month 

Pathological examination showed a circumscribed, encapsulated tumor composed 
of pale cells resembling islet cells. The convalescence was satisfactory, and the 
patient has remained well without symptoms \ glucose tolerance test done 
before her discharge showed a return toward a normal configuration 

CASE . E. W., a white woman aged 33, was well until 10 years previous to 
her admission, when, after a normal delivery, she was found semicomatose in bed 
Administration of sugar relieved her, but attacks of fainting at intervals of six 
to eight weeks then developed, preceded by numbness in the fingers. She often 
lapsed into unconsciousness during sleep. She ate sugar in large amounts and 
managed well until a second pregnancy three years previously. She then found 
that she needed more sugar for relief and that her need for sugar increased one 
week before menstruation or during housework. Glucose tolerance tests showed a 
hyperinsulinism type of curve, and she was admitted to the hospital on Sept. 8 
1949, for exploration 

rhe patient was extremely obese, having gained a considerable amount of 
weight, and pancreatic exploration was difficult. The pancreas was small, estimated 
at one-half the normal size, but on the first attempts at exploration no tumor 
was found. On persistent manipulation, however, a small indurated area was 
finally encountered at the junction of the body and tail, and excision of this area 
revealed a typical tumor The pathological examination showed a typical islet 
cell adenoma with an incomplete capsule and invasiveness of the cells into the 
adjoining tissue 

The convalescence was satisfactory, and the postoperative glucose tolerance 


curve showed a return toward a normal configuration 


SYMPTOMS AND HISTORY 

These three cases conform well to the clinical picture caused by 
hyperfunctioning islet cell tumors. Some of the symptoms involving the 
central nervous system as classified by Wilder * are illustrated ; the “triad 
of Whipple,” viz., attacks of insulin shock coming on during fasting or 
in an overfatigued state, associated with blood sugar readings of 50 mg 


per 100 ce. or less and relieved promptly by the ingestion of glucose, is 
3. Wilder, |., cited, by Brunschwig, A The Surgery of Pancreatic Tumors 
St. Louis, C. V. Moshy Company, 1942 
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brought out, and all patients manifested gain in weight, as is usual in this 
condition because of the high carbohydrate diet necessary to alleviate 
symptoms. The patients were treated symptomatically for some time 
before the diagnosis was made, the interval between onset of symptoms 
and operation being 514, 1 and 10 years respectively. 


GLUCOSE TOLERANCE TESTS 

The glucose tolerance curves in all three cases showed a hyper- 
insulinism response to sugar ingestion. Composite figures for all cases 
preoperatively and postoperatively are shown in figure 1. As mentioned 
by Brunschwig,‘ the preoperative curve often resembles the diabetic type 
of curve in that the peak is shifted toward the two hour reading and 
the return to the fasting state is relatively gradual. Although this test 
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Fig. 1—Composite curves in three cases of islet cell adenoma with hyper 
insulinism Broken line indicates preoperative curve and unbroken line post 
operative curve. 


is by no means conclusive, it is helpful in confirming the diagnosis 
(Sevringhaus °*). 


PATHOLOGIC PROCESS 
These cases illustrate several points pathologically. In case 1 a typical 
islet cell tumor was found and excised. It was unquestionably benign, 
and the case is an excellent example of the “text book picture” (fig. 2) 
In case 2 a functioning tumor was found in extrapancreatic tissue. 
Holman, Wood and Stockton ° have reviewed the literature to 1943 and 


4. Brunschwig, A.: The Surgery of Pancreatic Tumors, St. Louis, C. V 
Mosby Company, 1942. 

5. Sevringhaus, E. L.: The Glucose Tolerance Test in Diagnosis of Diabetes 
and Hyperinsulinism, Proc. Am. Diabetes A. 4:121, 1944. 

6. Holman, E.; Wood, D. A., and Stockton, A.: Unusual Cases of Hyper- 
insulinism and Hypoglycemia, Arch. Surg. 47:165 (Aug.) 1943. 











Fig. 2 (case 1).—High power magnification showing tumor cells in formation 


resembling typical islet cells; x 430. 


Fig. 3 (case 2).—Lower power magnification showing encapsulated tumor cells 
with adjacent pancreatic tissue. Tumor lay in extrapancreatic location; « 87. 
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Fig. 4 (case 2).—High power magnification of tumor cells in no definite 
arrangement; & 430. 


(case 3).—Showing invasiveness of tumor cells into normal pancreatic 
suggesting a malignant process but actually probably benign; « 200 
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have found only 4 cases of extrapancreatic tumors, to which they added 
a case of their own. No additional cases were reported until December 
1947. The cases reported by Holman occurred in (1) the lower gastro- 
splenic omentum, (2) the descending duodenum, (3) the duodenum, 
(4) adjacent to the head and (5) between the pancreas and the spleen. 
Our case brings these extrapancreatic locations for functioning islet cell 
tumor to a total of six (figs. 3 and 4). 

Case 3 brings up the question of a possible malignant process. This 
subject has been thoroughly analyzed by Frantz * and Brunschwig,* who 
feel that the only sure criterion of malignancy is the discovery of metas- 
tasis at the operating table. As Frantz states, many growths considered 
to be malignant from the histological appearance have withstood the 
survival test of benignity. Though in our case the adenoma showed some 
tendency to invade the adjacent tissue, with partial lack of capsule, there 
was no gross evidence of metastasis at operation and there was no micro 
scopic evidence of lymphatic or blood vessel invasion. Hence on the basis 
of the best presented evidence, it should be considered benign at the 
present time (fig. 5). 

COMMENT 


The value of thorough exploration of the pancreas by an experienced 
surgeon in the search for islet cell tumors cannot be too often emphasized 
Many adenomas have been missed at primary operations and discovered 
at second operations. The tumors are occasionally multiple, as reported 


by Frantz * and others. In many cases no tumor is found and pancreatic 
resection is profitably performed. Priestly, Comfort and Radcliffe ® report 


such a case, in which total pancreatectomy was successfully done as evi- 
denced by their recent five and a half year follow-up study. In occasional 
instances the responsible adenoma may lie outside the pancreas, as shown 
by the six reported cases. In all suspected cases a diligent search should 
be carried out before resorting to resection, as the tumor may well lie in 
an unsuspected, heterotopic, extrapancreatic location, as has been pointed 
out by Holman, Wood and Stockton.® In our case 3 the duodenum was 
mobilized to facilitate exploration of the head, and two surgeons carefully 
inspected and palpated the entire small pancreas. However, it was not 
until the search had been almost abandoned that the responsible tumor 


7. Frantz, V. K Tumors of Islet Cells with 


Hyperinsulinism Benign 
Malignant, and Questionable, Ann. Surg. 112:161, 1940 


&. Frantz, V. K \denomatosis of Islet Cells, with Hyperinsulinism, Ann 
Surg. 119:824, 1944 

9. Priestly, J. T.; Comfort, M. W., and Radcliffe, J lotal Pancreatectomy 
for Hyperinsulinism Due to Islet Cell Adenoma, Ann. Surg. 119:211, 1944 
Priestly, J. T.; Comfort, M. W., and Sprague, R. G.: Total Pancreatectomy 
for Hyperinsulinism Due to Islet Cell Adenoma: Follow-Up Report 514 Years 
\fter Operation, Including Metabolic Studies, Ann. Surg. 130:211, 1949 
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was finally encountered after the pancreas had been mobilized and 
adequately visualized because of the previous manipulation and dissection. 

Of collateral interest in this regard is the case of a 50 year old white 
man who suffered from attacks of hyperinsulinism for five years prior to 
his admission to the hospital in 1940. The abdomen was explored at that 
time, but because of an anomaly in the origin of the superior mesenteric 
vessels which crossed the body of the pancreas, it was impossible to 
explore that portion thoroughly. No tumor was found. He has remained 
well for 14 years, preventing symptoms by consuming a supply of candy 
which he carries with him at all times. He may well have an adenoma in 
an extrapancreatic location or in the inaccessible portion of the pancreas. 


SUMMARY 

Three cases of islet cell adenoma of the pancreas are presented. One 
of these tumors lay in an extrapancreatic location. The symtoms, patho- 
logic process and difficulties in pancreatic exploration are mentioned. 
It is emphasized that in a search for islet cell tumors not only the entire 
pancreas shculd be thoroughly investigated but also the tissue adjacent to 
the pancreas. A search of this nature may obviate pancreatic resection 
in the occasional case in which no pancreatic adenoma is found. 





FUNCTIONAL PATHOLOGY OF CERTAIN CARDIOVASCULAR 
MALFORMATIONS WHICH MAY BE TREATED SURGICALLY 


JESSE E. EDWARDS, M.D. 
ROCHESTER, MINN. 


> EXPOSITION on those cardiovascular malformations which 
may be treated surgically must cover a large variety of conditions, 
for example, conditions for which certain operative procedures have 
proved curative or beneficial, those for which operations have not as yet 
been established but have been attempted or suggested and those for 
which there seem to be no appropriate surgical technics but which must 
be considered in the clinical differential diagnosis of malformations for 
which operations are established. 

The malformations to be considered in this communication are those 
wherein a cardiovascular shunt is associated. Thus, such conditions as 
the usual type of coarctation of the aorta in which the ductus arteriosus 
is closed and the malformations of the aortic arch system which may 
cause symptoms by compression of either the trachea or the esophagus 
will not be discussed. The discussion, however, will include those types 
of aortic coarctation which are associated with persistent patency of the 
ductus arteriosus, since in these shunts exist. In the first group of 
conditions to be discussed the shunt is entirely or predominantly of an 
arteriovenous character; that is, the predominant flow is of arterialized 
blood into the right side of the heart, into one of the great thoracic 
systemic veins or into the pulmonary arterial system. The second group 
of malformations includes those which are characterized by a venous 
arterial shunt; that is, the venous blood by-passes the lungs and gains 
direct entrance into the systemic arterial circulation. 


ARTERIOVENOUS SHUNTS 


The malformations classified as belonging to the group exhibiting 


arteriovenous shunts have certain functional and anatomic similarities. 
In each, oxygenated blood from the lungs enters the venae cavae, the 


right side of the heart or the pulmonary arterial system. The most 


From Section on Pathologic Anatomy, Mayo Clinic 
Read in part before the Section on Pediatrics at the Ninéety-Eighth Annual 
Session of the American Medical Association, Atlantic City, June 8, 1949. 
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prominent of this group are (1) atrial septal defect, (2) anomalous 
drainage of part of the pulmonary venous system into the right atrium 
directly or into one of the tributaries of this chamber, (3) ventricular 
septal defect and (4) patent dtictus arteriosus. As a consequence of the 
shunt there is dilatation of the pulmonary arteries which is reflected as 
a prominence of the shadow produced by the pulmonary conus in the 
roentgenogram. On roentgenoscopic examination unusual pulsations of 
the hilar vessels may be noticed also. The shunt places an undue burden 
on the heart, and though many of the patients with this type of disease 
may live to adult life, the life expectancy is less than that for persons 
with normally developed cardiovascular systems. 

Atrial Septal Defect.—An atrial septal defect is usually a result of 
valvular incompetence of the foramen ovale; the incompetence results 
from one of three causes singly or in combination.’ Thus (1) the foramen 
ovale may be of normal size but its valve may be unusually short, (2) 
the valve of the foramen ovale may be of normal size but the foramen 
may be unusually large and therefore the valve is of insufficient size to 
guard the opening or (3) the incompetence may be on the basis of 
perforations of the valve, leaving the fossa ovalis incompletely guarded. 

\ much less common atrial septal defect than the incompetence of 
the foramen ovale is a defect in the lower part of the atrial septum. This 
is often associated with defective formation of the atrioventricular valves ; 
at times in such cases there are no mitral and tricuspid valves in the 
usual sense but a common atrioventricular valve.*| The latter type of 
malformation is not often seen in adults. It has a close association with 
mongolism. 

The direction of the shunt is, as a rule, predominantly from the left 
atrium into the right (fig. 1). (Mr. Russell L. Drake, Head of the 
Medical Art Studio, prepared all the drawings used in this communi- 
cation. The drawings are modified from Dr. B. M. Patten’s drawing of 
the heart [ fig. 435 in Human Embryology, Philadelphia, The Blakiston 
Co., 1946, 1,776 pp.|.) The volume of this flow varies considerably from 
case to case. In 7 cases of atrial septal defect studied by Taylor and his 
associates * by means of cardiac catheterization, the flow of blood from the 


left to the right atrium amounted to from 1.4 to 16.6 liters per minute. In 


1. Patten, B. M.: Developmental Defects at the Foramen Ovale, Am. J. Path 
14:135-162 (March) 1938. 

2. Rogers, H. M., and Edwards, J. E.: Incomplete Division of the Atrio 
ventricular Canal with Patent Interatrial Foramen Primum (Persistent Common 
\trioventricular Ostium): Report of 5 Cases and Review of the Literature, Am 
Heart J. 36:28-54 (July) 1948 
3. Taylor, B. E.; Geraci, J. E.; Pollack, A. A.; Burchell, H. B., and Wood, 
cE. # Interatrial Mixing of Blood and Pulmonary Circulatory Dynamics in 
\trial Septal Defects, Proc. Staff Meet., Mayo Clin. 23:500-505 (Oct. 27) 1948 
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5 of the cases flow of blood in the shunt measured 7.0 liters or more per 
minute. While the predominant direction of tlow is from the left atrium 
into the right, at the same time some venous blood often flows from 
the right atrium across the septal defect into the left atrium. In cases 
in which compensation of the right ventricle is maintained, this rarely, 
if ever, reaches sufficient proportions to cause cyanosis. In Taylor’s 
series the lowest oxygen saturation of blood taken from a radial artery 
was 91 per cent. 

\s a consequence of the added load on the right side of the heart 
there is, in the usual case of atrial septal defect, dilatation of the right 
atrium and right ventricle and the right ventricular wall is hypertrophic. 


Fig. 1—Intracardjac circulation in atrial septal defect 


[his feature seems to be the anatomic counterpart of the usual finding 
of right axis deviation on electrocardiographic examination. The strain 
on the right side of the heart may cause failure of the right side. This is 
the chiet cause of death. In rare cases sudden unexplained death may 
occur. In other cases, paradoxical embolism is a complication of atria} 
septal defect,‘ and in still others cerebral abscess develops without any 


associated inflammatory disease of the heart 


4, Dry, T. J Atrial Septal Defects, M. Clin. North America 32:895-910 
(July) 1948 

5. Gates, E. M.; Rogers, H. M., and Edwards, J. E The Syndrome of 
Cerebral Abscess and Congenital Cardiac Disease, Proc. Staff Meet., Mayo Clin 
22:401-412 (Sept. 17) 1947 
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Bacterial endocarditis is a rare complication of the usual atrial 
septal defect, which is in the form of patent foramen ovale.° It is more 
likely in the presence of a defect in the lower part of the atrial septum 
though even here it is not common. 

Anomalous Drainage of Part of the Pulmonary Veins. The 
functional effects of certain forms of anomalous drainage of the pul- 
monary veins resemble those of atrial septal defects. This holds in cases 
in which only a portion of the pulmonary venous system drains into the 
right atrium or into a systemic vein. The condition in which all the 
pulmonary veins drain into the right atrium or its tributaries is different 
functionally from that in which only a portion of the drainage of the 
pulmonary veins is anomalous. The former condition resembles a two- 
chambered heart while the latter resembles an atrial septal defect. In 
this section we shall discuss only the condition of partial drainage of the 
pulmonary veins into the right atrium or one of its tributaries. Complete 
drainage of the pulmonary veins into a systemic vein or into the right 
atrium will be discussed under the heading of venous-arterial shunts, 
which is to follow in due order. 

Partial anomalous drainage may involve an entire lung or part of 
one lung. Brody * has published a comprehensive review of the subject. 


His contribution indicates that partial anomalous drainage of the pul- 
S 


monary veins is more common on the right side than on the left. The 
entire venous drainage of the right lung may be into the inferior vena 
cava, the azygos vein, the superior vena cava or the right atrium. The 
commonest condition is the one in which the drainage of the upper lobe 
of the right lung alone is anomalous and is into the superior vena cava 
(fig. 2). On the left side the most frequent anomalous arrangement is 
for the upper lobe of the lung alone or for both lobes to drain into the 
left innominate vein. Less frequently the anomalous connection of the 
left lung is into the coronary sinus, directly or indirectly by way of a 
persistent left superior vena cava. Though other and major cardiac 
malformations may coexist in a given case, it is not uncommon for 
anomalous drainage of part of the pulmonary veins to be the sole cardio 
vascular malformation of significance. Functionally this malformation is 
like an atrial septal defect in that blood comes into the right side of the 
heart from the lungs and is returned to the lungs only to be recirculated 
through the right side of the heart. The clinical features of atrial septal 
defect may be closely mimicked by this malformation; indeed even on 

6. Roesler, H.: Interatrial Septal Defects, Arch. Int. Med. 54:339-380 
(Sept.) 1934. Burrett, J. B., and White, P. D.: Large Interauricular Septal 
Defect with Particular Reference to Diagnosis and Longevity Report of 2 New 
Cases, Am. J. M. Sc. 209:355-364 (March) 1945. 

7. Brody, H.: Drainage of the Pulmonary Veins into the Right Side of the 
Heart, Arch. Path. 33:221-240 (Feb.) 1942. 
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cardiac catheterization the fir'ding of arterialized blood in the right atrium 
may lead to the diagnosis of atrial septal defect when, in fact, anomalous 
pulmonary venous drainage is the cause of this abnormality. 

Important distinguishing features between the two conditions depend 
on the fact that in partially anomalous drainage of the pulmonary veins 
there is no basis for shunting of venous blood into the left side of the 
heart. Thus while in the presence of an atrial septal defect there may be 
a double end point in testing for circulation time, this does not occur in 
the malformation being considered. Likewise no evidence of desaturation 
of the arterial blood should be demonstrable in anomalous drainage of 


Fig. 2.—Circulation in anomalous venous drainage of the right lung into the 


superior vena Cava 


the pulmonary veins.* As indicated, such functional abnormality can 
sometimes be demonstrated in association with an atrial septal defect 
Passage of a venous catheter from the superior vena cava directly into a 
pulmonary vein is an absolute way of making the diagnosis. In 2 cases 
Wood and his associates * have demonstrated this malformation by pass- 


ing the cardiac catheter from the superior vena cava directly into a right 


8. Cournand, A.; Baldwin, J. S., and Himmelstein, A.: Cardiac Catheteri- 
1 


zation in Congenital Heart Disease: A Clinical and Physiological Study in Infants 
and Children, New York, The Commonwealth Fund, 1949 

9. Wood, E. H.; Knutson, J. R. B., and Taylor, B. E.: Personal communication 
to the author 
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pulmonary vein and obtaining from that location blood which was 
approximately 98 per cent saturated with oxygen. 

According to Brody, anomalous drainage of part of the pulmonary 
veins is not incompatible with the patient's reaching adult life. Disability 
is not likely to occur unless more than 50 per cent of the blood which 
leaves the lungs enters the right side of the heart. As far as we are 
aware, no patient who has had anomalous drainage of part of the pul- 
monary veins has been operated on in an attempt to overcome the effects 
of the malformation. Among the procedures which would remove the 
shunt are pneumonectomy, lobectomy or transplantation of the anomalous 
vein into the left atrium.'° 


Fig. 3.—Intracardiac circulation in ventricular septal defect 


Ventricular Septal Defect-—Ventricular septal defects may involve 
either the muscular portion of the ventricular septum, where they are 
at times multiple, or the membranous portion (fig. 3). In the latter 
situation the defects are usually single. This type is more common. 
When the specimen is viewed from the left side, the membranous ventric- 
ular septal defect lies immediately inferior to the aortic orifice. From 
the right side it is seen that the defect is some distance from the pul- 
monary orifice and is overhung by the septal leaflet of the tricuspid 


10. Brantigan, O. ( Anomalies of the Pulmonary Veins: Their Surgical 
Significance, Surg., Gynec. & Obst. 84:653-658 (April) 1947 
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valve. During systole left ventricular blood escapes through the defect 
into the right ventricle and is then carried to the pulmonary circulatory 
system. After passing through this system the shunted blood is returned 
to the left side of the heart and then again is shunted through the right 
ventricle and the lungs. Thus both ventricles take part in carrying the 
shunted blood. This feature is in contrast to the situation in atrial septal 
defect in which the right ventricle has the entire burden of carrying 
shunted blood. Consequently, the right ventricle is the only one of the 
two ventricles which is significantly enlarged. With ventricular septal 
defect, on the contrary, both ventricles are enlarged, and since the enlarge- 
ment of each ventricle may be proportional to the normal size of the 
particular ventricle, there may be no electrocardiographic evidence of 
predominance of one ventricle over the other. 

Unless the size of the ventricular septal defect is particularly large, 
differential pressure between the two ventricles is maintained. When 
the defect becomes large, it has the effect of causing free communica 
tion between the two ventricles; it then has essentially the same effect as 
though there were no ventricular septum. The free communication 
between the ventricles allows free mixing of venous and arterialized 
blood in the ventricular part of the heart, and one of the effects of this is 
that a venous-arterial shunt also exists. Thus it is more pertinent to 
classify under venous-arterial shunts the malformations characterized by 
anatomic absence of the ventricular septum and those in which the 
defect is of such proportion as to create, in effect, a single ventricle. 

The patient who has a ventricular septal defect of ordinary size often 
bears the defect for many years without showing evidence of cardia 
failure. One great danger to these patients, however, is bacterial endo 
carditis.'' This may develop at the margins of the defect or at one of 
two sites traumatized by the jet of blood forcibly ejected from the left 
ventricle. These are the septal leaflet of the tricuspid valve and the 
anterior wall of the right ventricle 

Complete heart block may be observed in cases of ventricular septal 
defect. Though this may be observed at an early age and so termed 
“congenital heart block,” the arrhythmia may be observed to appear 
some time after birth. Rogers and Rudolph '* have observed this delayed 


development in a patient with the clinical signs of ventricular septal 


defect. Burchell '* has recently suggested that the postnatal development 


11. Abbott. M. E \tlas of Congenital Cardiac Disease, New York, The 
\merican Heart Association, 1936. Taussig, H. B Congenital Malformations 
of the Heart, New York, The Commonwealth Fund, 1947, chap. 17, pp. 390-399 

12. Rogers, H. M., and Rudolph, C. C.: Personal communication to the author 


13. Burchell, H. B The Electrocardiogram in Congenital Heart Diseas« 
M. Clin. North America 33:1157-1175 (July) 1949 
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of complete heart block in ventricular septal defect may result from inter- 
ference with the conduction system by the fibrous tissue which forms at 
the margins of the defect, a morphologic reaction presumably secondary 
to the trauma of the stream of turbulent blood flowing through the defect. 

Paient Ductus Arteriosus and Other Communications Between Aorta 
and Pulmonary Trunk.—In the fetus the direction of the flow of blood 
through the ductus arteriosus is from the pulmonary arterial system into 
the aorta. After birth when a marked difference in resistance to blood 
flow develops between the lesser circulation on one hand and the greater 
circulation on the other, the pulmonary circulatory system represents 


“Dyctus a 
¢ 


\ 
SLPA 


\ , wet 
Y Ve L.RV. 


J y 
lia\*/ 4 


y 


Fig. 4—Circulation in patent ductus arteriosus 


an area of low resistance. Blood in the ductus then flows from the aorta 
to the pulmonary arterial system (fig. 4). The volume of this flow may 
be surprisingly great. It has been calculated by Eppinger, Burwell and 
Gross ** that in an adult as many as 19 liters of blood may flow through 
this tract each minute. Dexter and his associates'® found that the 


14. Eppinger, E. C.; Burwell, C. S., and Gross, R. E.: The Effects of the 
Patent Ductus Arteriosus on the Circulation, J. Clin. Investigation 20:127-143 
(March) 1941. 

15. Dexter, L.; Haynes, F. W.; Burwell, C. S.; Eppinger, E. C.; Sosman, M. 
C., and Evans, J. M.: Studies of Congenital Heart Disease: Venous Catheteri 
zation as a Diagnostic Aid in Patent Ductus Arteriosus, Tetralogy of Fallot, 
Ventricular Septal Defect and Auricular Septal Defect, J. Clin. Investigation 
26:561-576 (May) 1947. 
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volume of flow through a patent ductus arteriosus was 7.6 liters per 
minute. In the series studied by Taylor and his associates ‘* it was 
demonstrated that the volume of flow per minute varied from 3 to 17.7 
liters. The last-named authors foung that an average of 49 per cent of 
the left ventricular output was diverted through the patent ductus into 
the pulmonary arterial system. The remarkable capacity of the pul- 
monary circulatory system for accommodating a large blood flow is 
demonstrated by the fact that in spite of the great volume of blood which 
enters the lungs little elevation in the pulmonary arterial blood pressure 
occurs in many cases. This phenomenon is, however, not universal 


since in some cases of patent ductus pulmonary hypertension ' 


is present. 
When this complication occurs, it is probably the result of occlusive 
lesions in the pulmonary arterioles and smaller arteries. 

More investigations correlating morphologic studies on the intra- 
pulmonary vessels directly with those of cardiac catheterization will be 
necessary to establish beyond doubt a positive relationship between 
pulmonary hypertension in patent ductus arteriosus and organic occlusive 
vascular changes in the lungs. 

In the uncomplicated case of patent ductus arteriosus the great 
volume of blood which is shunted through the lungs is returned to the 
left side of the heart. This causes great dilatation of the left atrium and 
ventricle. The change in the latter chamber is probably the factor 
responsible for the electrocardiographic feature of left axis deviation in a 
certain number of the cases. If the ductus arteriosus is ligated, there is 


a tendency for the left ventricle to become smaller, but this does not 


always happen. Evidently after the enlargement of the left ventricle has 
reached a certain degree and this degree has been maintained for some 
time, the change becomes irreversible. This is one of the factors in sup- 
port of early ligation of a patent ductus arteriosus."* 

In some cases the right ventricle may show hypertrophy and be 
associated with electrographic evidence of right axis deviation. Though 


this clinical finding is not common, it has been observed by Douglas 


16. Taylor, B. | Pollack, A. A.; Burchell, H. B.; Clagett, O. T.. and 
Wood, E. H.: Studies of the Pulmonary and Systemic Arterial Pressure in Cases 
of Patent Ductus Arteriosus with Special Reference to Effects of Surgical Closure, 
unpublished data 

17. DuShane, J. W., and Montgomery, G. E., Jr Patent Ductus Arteriosus 
with Pulmonary Hypertension and Atypical Clinical Findings, Proce. Staff Meet., 
Mayo Clin. 23:505-506 (Oct. 27) 1948. Dexter and others.’ 

18. Dry, T. J.; Harrington, S. W., and Edwards, J. E Irreversible Cardiac 
Disease in Adult Life Caused by Delayed Surgical Closure of a Patent Ductus 
Arteriosus: Report of Case, Proc. Staff Meet., Mayo Clin. 23:267-274 (June 9) 
1948 
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and his associates ?® in a case of patent ductus arteriosus and occlusive 
lesions in the smaller pulmonary arterial vessels. The right ventricular 
hypertrophy was interpreted as a result of the greater load placed on this 
chamber by the increased resistance to pulmonary blood flow caused by 
the occlusive changes in the pulmonary vessels. In cases in which the 
pulmonary pressure is elevated there is a tendency for the shunt to be 
smaller than in cases in which there is no pulmonary hypertension. The 
basis for this is that with elevation of the pulmonary pressure the dif- 
ference between the pulmonary pressure and the systemic pressure 
becomes smaller. Taylor and his associates '* have demonstrated, how- 
ever, that the volume of fiow through the ductus arteriosus does not 
depend entirely on the magnitude of the difference in pressures between 
the two circulations. The diameter of the ductus arteriosus also has an 
influence. 

In addition to the irreversible dilatation of the left ventricle caused 
by long-standing patency of the ductus arteriosus and the possibility of 
the development of organic occlusive changes in the pulmonary arterioles 
and smaller arteries, there are other reasons for early ligation of patent 
ductus arteriosus. These are (1) the development of cardiac failure, 
(2) the development of bacterial endarteritis either of the ductus 
arteriosus or of the left pulmonary artery opposite the ductus and (3) 
shortening of the ductus arteriosus. The last feature is probably the 
result of effacement of the ductus by its incorporation, with time, into 
the wall of the progressively dilating left pulmonary artery. The 
practical point concerning this change is that as the ductus becomes 
shorter it becomes more difficult to ligate. 

A condition which may resemble patent ductus arteriosus functionally 
is a communication between the ascending aorta and the pulmonary trunk. 
Such communications may be acquired, but a small number are congenital 
and represent a localized deficiency in the septum which partitions the 
embryonic truncus arteriosus into the ascending aorta and the pulmonary 
trunk.*° Potts and his associates *! recently reported 2 such cases in 
which the diagnosis was established at operation. Before operation each 
of the patients had a raucous systolic murmur which had a slight carry 
over into diastole. The preoperative opinion was that an arteriovenous 


19. Douglas, J. M.; Burchell, H. B.; Edwards, J. E.; Dry. T. J., and Parker, 
R. L.: Systemic Right Ventricle in Patent Ductus Arteriosus: Report of a Case 
with Obstructive Pulmonary Vascular Lesions, Proc. Staff Meet., Mayo Clin 
22:413-423 (Sept. 17) 1947. 

20. Collett, R. W., and Edwards, J. E.; Persistent Truncus Arteriosus: A 
Classification According to Anatomic Types, S. Clin. North America 28: 1245-1270 
(Aug.) 1949, 


21. Potts, W. J.; Gibson, S.; Smith, S., and Riker, W. L.: Diagnosis and 
Surgical Treatment of Patent Ductus Arteriosus, Arch. Surg. 58:612-622 (May) 
1949 
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shunt existed but probably not in the form of a typical patent ductus 
arteriosus. Operative closure of the communication was not attempted. 

Patent Ductus Arteriosus Proximal to Coarctation of the Aorta. 
Somewhat less than 2 per cent of major congenital cardiovascular mal- 
formations are characterized by the association of aortic coarctation and 
patent ductus arteriosus in which the aortic mouth of the ductus lies 
proximal to the area of coarctation. This anatomic arrangement is to 
be distinguished from that in cases in which the aortic mouth of a patent 
ductus arteriosus lies distal to an area of aortic coarctation. In the 
former the shunt is arteriovenous; in the latter it may be venous 
arterial. The two conditions, therefore, are different functionally and 
will not be discussed together. The condition in which the aortic mouth 
of a patent ductus arteriosus lies distal to aortic coarctation will be dis 
cussed with the venous-arterial shunts. 

When the aortic mouth of the ductus arteriosus lies proximal to the 
aortic coarctation, the direction of the shunt is the same as in ordinary 
patent ductus arteriosus ; that is, it is from the aorta into the pulmonary 
arterial system. The potential difference of the shunt is only relative. 
Since there is hypertension in the aorta, the difference between the aortic 
and pulmonary pressures is potentially greater than in the usual case of 
patent ductus arteriosus. Thus the basic setup for a great volume of flow 
through the ductus exists. In two cases of this condition which were 
studied at necropsy, my associates and I ** found marked occlusive lesions 
in the smaller pulmonary vessels. These were more pronounced in the 
sinaller pulmonary arteries than in the arterioles, although lesions also 
existed in the arterioles. The major morphologic change was significant 
narrowing of the lumen caused by fibrous thickening of the intima 
Medial hypertrophy, though present, was not of great magnitude. We 
concluded that the occlusive changes in the pulmonary arteries had 
increased the resistance to pulmonary blood flow; though there was 
potentially a great difference between the pressures in the two circu 
lations, the elevation of the pulmonary pressure, incident to the increased 
resistance, had served to lessen the degree of the difference. In this 
respect the pulmonary vascular lesions served to reduce the shunt, but 
at the same time their presence had called on the right ventricle for 
unusual degrees of work to force blood through the areas of high 
resistance in the lungs. 


In this type of case the collateral system of peripheral arteries usual 


in the uncomplicated case of coarctation of the aorta is also present. 


22. Edwards, J. E.; Douglas, J. M.; Burchell, H. B., and Christensen, N. A.: 
Pathology of the Intrapulmonary Arteries and Arterioles in Coarctation of the 
Aorta Associated with Patent Ductus Arteriosus, Am. Heart J. 38:205-233 
(Aug.) 1949. 
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Thus in the same case there may be the clinical signs of patent ductus 
arteriosus and coarctation of the aorta. Clagett,?* of the Division of 
Surgery at the Mayo Clinic, has operated in such a case with successful 


results. The procedure was to divide and ligate the patent ductus 
arteriosus, on one hand, and to resect the aorta in order to remove the 
region of coarctation and to perform end to end aortic anastomosis on 
the other. 

VENOUS-ARTERIAL SHUNTS 

In the predominantly arteriovenous shunt no venous blood or 
relatively little enters the greater circulation. Consequently, absence of 
cyanosis is a clinical characteristic of the malformations. In this section 
I am concerned with malformations characterized by the shunting of 
venous blood into the arterial system. In some instances there is, as 
well, recirculation of arterialized blood through the pulmonary system, 
but the presence of venous blood in the peripheral arterial system is 
constant and the degree of desaturation of the arterial blood is often 
sufficient to produce recognizable cyanosis. 

For a working classification, Burchell and I have felt that the mal- 
formations characterized by having a venous-arterial shunt may be 
divided into two major groups, the subdivision being made primarily on 
functional rather than anatomic grounds. In one there is stenosis of 
the great pathways of blood to the lungs; in the second group there is 
no barrier to the flow of blood into the lungs. The first type, of which 
the tetralogy of Fallot (figs. 5 and 6) may conveniently be taken as the 
prototype, is amenable to surgical treatment by the anastomosis of 
the greater to the lesser arterial circulations, in order to overcome the 
deficiency in the flow of blood to the lungs. The prototype of the second 
group may be taken as the Eisenmenger complex (fig. 7). In this 
malformation there is no problem in getting blood to flow to the lungs. 
Indeed with the Eisenmenger complex, one of the difficulties may be 
that more than an optimum of pulmonary blood flow exists. For this 
type of malformation there is, at present at least, no surgical method 
of correction. 

Tetralogy of Fallot-——This malformation is the commonest among 
cyanotic patients with congenital cardiac disease who have lived beyond 
the age of 2 years. In general, its pathologic features have been fully 
described and are well understood (fig. 5). There is a defect of the 
membranous portion of the ventricular septum above which the aorta, 
which is wide, arises from both ventricles. The pulmonary trunk is 
considerably narrower than the aorta. Although it may, at times, be 
atretic, it is usually of sufficient diameter to carry an adequate amount 


of blood to the lungs if no stenosis is present at valve level or below. 


23. Clagett, O. T Personal communication to the author 
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The pulmonary valve is usually bicuspid. At times its peculiar 
construction, which is characterized by fusion of the leaflets at the 
commissures, creates a point of pulmonary stenosis at valve level. In the 
light of recent suggestions,** that pulmonary valvotomy might give relief 
to the patient with the tetralogy of Fallot, it is to be emphasized that 
even when the pulmonary valve is stenotic there is usually a zone of 
stenosis beneath the valve. This zone of stenosis is in the subpulmonary 
tract of the right ventricle. It is represented by a narrow muscular- 
walled channel of varying length through which blood flowing to the 
pulmonary trunk must pass. Over and above the narrow nature of the 


Fig. 5.—Circulation in the tetralogy of Fallot. An enlarged bronchial artery 
is represented diagrammatically. 


subpulmonary tract, it is of further interest that this tract frequently has 
a sigmoidal shape (fig. 6). This point is emphasized, since a surgical 
approach to the pulmonary valve through the right ventricle might be 
hampered not only by the narrow diameter but also by the curved nature 
of the tract leading from the right ventricle to the pulmonary valve. 
The degree of pulmonary stenosis caused either by the narrow state 
of the subpulmonary tract alone or by a combination of this with valvular 
stenosis may be severe. At times, it is difficult to see how life could be 


maintained were there no means of getting blood to the lungs save 


24. Brock, R. C.: Pulmonary Valvulotomy for the Relief of Congenital Pul- 
monary Stenosis: Report of 3 Cases, Brit. M. J. 2:1121-1126 (June 12) 1948 
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through the usual pulmonary channel. Patients with the tetralogy of 
Fallot characterized by severe pulmonary stenosis who reach adolescence 


or adult life probably do so because there is a collateral channel capable 


of carrying sufficient blood to the lungs to maintain life. Evidence for 
the existence of large bronchial arteries in the tetralogy of Fallot has 


been obtained at necropsy,** clinically,*° physiologically ** and sur 


Fig. 6.—Tetralogy of Fallot. The stenotic and sigmoidal subpulmonary tract 
in the right ventricle. The opened pulmonary trunk is above. Projecting into it 
are the fused leaflets of a bicuspid pulmonary valve 


25. Meyer, H.: Uber angeborene Enge oder Verschluss der Lungenarterienbahn, 
Virchows Arch. f. path. Anat. 12:497-538 (Dec.) 1857. Stolker, ¢ Beitrag zur 
Pathologie der angebornen Stenose der Arteria pulmonalis, Schweiz. Ztschr. f. 
Heilk. $:201-268, 1864. Weiss, S.: Uber einen Fall von angeborner Stenose 
der Pulmonalarterie, Deutsches Arch. f. klin. Med. 16:379-392, 1875. Christeller, 
E.: Funktionelles und Anatomisches bei der angeborenen Verengerung und dem 
angeborenen Verschluss der Lungenarterie, insbesondere tiber die arteriellen 
Kollateralbahnen bei diesen Zustanden, Virchows Arch. f. path. Anat. 223:40-57 
(Oct.) 1917, Edwards, J. E.: Congenital Cardiac Disease: A Pathologic Review, 
Postgrad. Med. 3:327-341 (May) 1948. Hales, M. R., and Liebow, A. A.: 
Collateral Circulation to the Lungs in Congenital Pulmonic Stenosis, Bull. Internat 
A. M. Mus. 28:1-22 (Oct.) 1948. Dry, T. J.; Edwards, J. E.; Parker, R. L.; 
Burchell, H. B.; Rogers, H. M., and Bulbulian, A. H.: Congenital Anomalies of 
the Heart and Great Vessels: Clinico-Pathologic Study in 132 Cases, Postgrad 
Med. 4:327-359 (Oct.) 1948. 

B Analysis of Malformations of the Heart Amenable to a 


> 


26. Taussig, H 
Blalock-Taussig Operation, Am. Heart J. 36:321-333 (Sept.) 1948 
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gically.** In a rare case of tetralogy of Fallot the lumen of the ductus 
arteriosus remains patent and so acts as a collateral channel. Usually, 
however, the ductus arteriosus is closed and blood is carried from the 
aorta to the lungs by way of bronchial and other mediastinal arteries. 
‘That the bronchial arteries particularly are of great importance in 
maintaining life in some cases is emphasized because injury to these 
collateral vessels during an operation designed to increase pulmonary 
circulation may be responsible for sudden death. 

Of interest to the surgeon, particularly, is the fact that almost a 
quarter of the patients with tetralogy of Fallot have a right aortic arch.** 
In these cases the descending aorta usually is on the right to the level of 
the lower part of the thorax and then it crosses to the left side. It is 
important to recognize the presence of a right aortic arch because the 
origin of the branches of the aortic arch then may be predicted. In the 
type of right aortic arch which is associated with the tetralogy of Fallot, 
the branches of the arch are in a position which is the mirror image of 
the normal. The first branch is an innominate artery from which the 
left common carotid and left subclavian arteries arise, in that order. The 
second and third branches of the arch are the right common carotid and 
right subclavian arteries, respectively. In the tetralogy of Fallot with 
a right aortic arch the ductus arteriosus may be absent, it may run 
between the left pulmonary artery and the lower aspect of the origin 
of the left subclavian artery or it may run between the right pulmonary 
artery and the right aortic arch. In the last instance the ductus inserts 
into the aorta just distal to the origin of the right subclavian artery. 

\ malformation which may be considered a variant of the tetralogy 
of Fallot is the one in which all the features of the tetralogy are present 
except for the fact that the aorta arises exclusively from the right 
ventricle. In such cases the size of the ventricular septal defect is of 
importance since this is the only outlet for the left ventricle. If the 
defect is small, there may be difficulty in emptying the left ventricle 
rhis results ultimately in an increased resistance to pulmonary blood 
flow on the basis of impaired venous drainage from the lungs. In such 
an event the magnitude of the venous-arterial shunt may be increased. 
The tetralogy of Fallot is the commonest cardiac malformation associated 
with cerebral abscess. 

The Etsenmenger Complex.—In some respects the Eisenmenger com- 
plex is similar to the tetralogy of Fallot and in other respects different 


from it (fig. 7). Anatomic similarities include the ventricular septal 


27. Bing, R. J.; Vandam, L. D., and Gray, F. D., Jr.: Physiological Studies 
in Congenital Heart Disease: Results of Preoperative Studies in Patients with 
Tetralogy of Fallot, Bull. Johns Hopkins Hosp. 80:121-141 (Feb.) 1947. 

28. Blalock, A.: Surgical Procedures Employed and Anatomical Variations 
Encountered in the Treatment of Congenital Pulmonic Stenosis, Surg., Gynec. & 
Obst. 87:385-409 (Oct.) 1948. 
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defect, the biventricular origin of the aorta and the thick wall of the 
right ventricle. The chief anatomic difference lies in the fact that there 
is no pulmonary or subpulmonary stenosis. On the contrary, the 
pulmonary orifice and trunk are frequently wider than normal. As in 
the tetralogy of Fallot, the right ventricle shares with the left the furction 
of propelling blood to the aorta. The elevated pressure in the right 
ventricle incident to this in the face of no barrier to blood flow in the 
major pulmonary arteries creates a potential hazard to the patient. There 
is a danger of excessive pulmonary blood flow and at the same time of 
deprivation of systemic blood flow. This would be expected to happen 
were the resistance to pulmonary blood flow maintained at a normal 





Fig. 7.—Intracardiac circulation in the Eisenmenger complex. 


level, and this may be the mechanism of death in patients with the 
Eisenmenger complex who die at an early age. Patients who reach 
adult life with the Eisenmenger complex are thought to have some 
regulatory mechanism whereby a_ reasonably equitable distribution 
between the pulmonary and systemic systems will be made of the blood 
which leaves the right ventricle. Such a regulatory system may be 
sought in the smaller pulmonary vessels. It is unfortunate that little 
is mentioned concerning the anatomic state of these vessels in reports 


of cases of the Eisenmenger complex.?** 


28a. Since the time of preparation of this paper the author has reviewed 
the subject of the structural changes of the pulmonary vascular bed in congenital 
cardiac disease (Proc. Inst. Med. Chicago 18:134-146, 1950). 
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The case of Stewart and Crawford * is particularly important since 
it is, as far as I can learn, the only case of the Eisenmenger complex 
in an adult on record in which the smaller pulmonary vessels were 
adequately described. The case was that of a syphilitic man who had 
the Eisenmenger complex and lived to the age of 60 years. The smaller 
pulmonary arteries showed medial hypertrophy and intimal fibrosis. The 
larger pulmonary arteries were ‘the site of an inflammatory reaction 
which could have been syphilitic in nature. Although Stewart and 
Crawford suggested that all the pulmonary vascular changes might have 
been on a syphilitic basis, the condition of the smaller pulmonary vessels 
as shown in the illustrations is reminiscent of the changes which my 
colleagues and I observed in cases of coarctation of the aorta in which 
the zone of aortic narrowing lay proximal to a patent ductus arteriosus. 
In those cases the function of the right ventricle resembled that of this 
chamber in the Eisenmenger complex since in the vascular malformation 
cited the right ventricle supplied blood to both the pulmonary and 
the systemic systems. 

Much more work needs to be done to clarify the role of the intra- 
pulmonary vessels in cases in which there is no pulmonary stenosis and 
the right ventricle or a single ventricle supplies blood to both systems. 
At present it seems correct to assume that a state of tone in the pul- 
monary arteries and arterioles is responsible for increasing the resistance 
to pulmonary blood flow, a resistance which approaches the magnitude 
of the resistance to systemic blood flow.*’ This avoids overflooding of 
the lungs, and at the same time the systemic vessels are not unduly 
deprived of blood. The medial hypertrophy of the smaller pulmonary 
arteries in Stewart and Crawford’s case may be interpreted as a work 
hypertrophy of the vessels incident to a state of tone. The intimal 


fibrosis may be considered a reaction to the pulmonary hypertension 


My interpretation is that initially in the Eisenmenger complex the 
pulmonary hypertension is caused by vascular tone which is manifested 
morphologically by medial hypertrophy. Later when the intimal changes 
develop and the blood vessels are narrowed to an even greater degree, 
some of the pulmonary hypertension is a result of the resistance to blood 
flow from the luminal narrowing caused by the intimal changes 

The late development of cyanosis which is characteristic of the 
Eisenmenger complex possibly may be explained as follows: During 
the earlier years of life the vascular changes are merely the result of 

29. Stewart, H. L., and Crawford, B. I Congenital Heart Disease witl 
Pulmonary Arteritis: Interventricular Septal Defect, Dextroposition of the Aorta 
and Dilatation of the Pulmonary Artery, Am. J. Path. 9:637-648 (Sept.) 1933 

30. Bing, R. J.; Vandam, L. D., and Gray, F. D., Jr.: Physiological Studies 
in Congenital Heart Disease: Results Obtained in 5 Cases of Ejisenmenger’s 
Complex, Bull. Johns Hopkins Hosp. 80:323-347 (June) 1947 
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exerting a regulatory mechanism, and during that phase an adequate 
amount of blood flows to the lungs. With time, occlusive intimal changes 
develop. As a result of these, less blood flows through the lungs and 
at the same time a greater degree of venous-arterial shunt develops. Thus 
the mechanism which is responsible for maintaining life during the early 
years of life is, if this interpretation is correct, ultimately responsible 
for the later appearance of cyanosis, polycythemia and right ventricular 
failure. 

It seems that the responsibility of regulating the direction of blood 
flow from the right ventricle falls on the small pulmonary arterial vessels. 
It seems further that the reactions in these vessels may ultimately lead 
to unfavorable complications incident to the development of occlusive 
lesions. On theoretical grounds, therefore, it seems that a procedure 
which would reduce the caliber of the pulmonary trunk or the major 


pulmonary vessels might relieve the smaller pulmonary vessels of the 


function which leads ultimately to the development of occlusive lesions 
in this caliber of vessel. 

Death in several cases of the Eisenmenger complex has been reported 
as being due to bacterial endocarditis.*! In the case reported by 
Baumgartner and Abbott ** without bacterial endocarditis, a cerebral 
abscess developed. 

The Taussig-Bing Complex.—In 1949 the report of Taussig and 
Bing ** appeared in which they described a complex of malformations 
characterized by (1) origin of the transposed aorta exclusively from the 
right ventricle, (2) a thick right ventricular wall, (3) a defect in the 
upper part of the ventricular septum and (4) origin of a wide pulmonary 
trunk from each ventricle, above the ventricular septal defect. Since 
this condition is as much a complex as is the tetralogy of Fallot or the 
kisenmenger complex, it seems appropriate to call it the ‘“Taussig-Bing 


31. Schramm, H. G.: Schwere Herzmissbildungen bei alteren Individuen, Beitr 

path. Anat. u. z. allg. Path. 82:153-162 (June 29) 1929. Millman, S., and 
Kornblum, D.: Interventricular Septal Defect with Dextroposition of Aorta 
Without Stenosis of the Pulmonary Artery (Eisenmenger Complex) Complicated 
by Subacute Bacterial Endocarditis, J. Tech. Methods, 15:147-153 (March) 1936 
laussig, H. B., and Semans, J. H Severe Aortic Insufficiency in Association 
with a Congenital Malformation of the Heart of the Eisenmenger Type, Bull 
Johns Hopkins Hosp. 66:156-165 (March) 1940 

32. Baumgartner, E. A., and Abbott, M. E.: Interventricular Septal Defect 
with Dextroposition of Aorta and Dilatation of the Pulmonary Artery (“Eisen- 
menger Complex”) Terminating by Cerebral Abscess: Report of a Case Observed 
During Life, Presenting Impaired Conduction and Paralysis of Recurrent Laryngeal 
Nerve from Pressure of Hypertrophied Pulmonary Conus, Am. J. M. Sc. 177: 
639-647 (May) 1929 

33. Taussig, H. B., and Bing, R. J.: Complete Transposition of the Aorta 
and a Levoposition of the Pulmonary Artery: Clinical Physiological and 
Pathological Findings, Am. Heart J. 37:551-559 (April) 1949. 
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complex.” In the case which they reported, clinical investigation 
revealed a greater degree of oxygen saturation in the pulmonary trunk 
than in the systemic arteries and there was pulmonary hypertension. 
It is of interest, and it seems of importance, that the pulmonary arterioles 
were described as showing diffuse intimal proliferation which rendered 
the lumens of these vessels extremely narrow. Thus in this condition 
the pulmonary vessels may have, as they seem to have in the Eisenmenger 
complex, a regulatory function on the volume of pulmonary blood flow. 

Tricuspid Atresia.—Tricuspid atresia is accepted as one of the con- 
ditions which may be amenable to an anastomotic operation for the 
relief of the patient. Recently, Burchell and | ** made a review of the 
literature of this subject, as well as a study of the specimens from cases 
of this condition in the collection of congenital cardiovascular malfor- 
mations at the Mayo Clinic. One of the specimens had been contributed 
by Dr. Walter Ricker, of the University of Washington School of 
Medicine. It became apparent that hearts with tricuspid atresia may 
show a variety of anatomic forms. From these observations the inter- 
pretation seems justified that not all hearts with tricuspid atresia function 
alike. There are, however, certain similarities among all the cases. The 
features common to all are atresia of the tricuspid valve and an atrial 
septal defect through which the blood which enters the right atrium by 
way of the coronary sinus and the venae cavae is directed into the left 
atrium. Here the venous blood mixes with the arterialized blood coming 
directly into the left atrium through the pulmonary veins. The mixture 
then flows through the mitral orifice into a large left ventricle. The 
latter functions as a single ventricle. 

From this point on, the route of the blood varies with the type of 
tricuspid atresia present. In one type there is also atresia of the pul 
monary orifice, the right ventricle being represented as a narrow 
nonfunctioning endocardium-lined cavity. The ventricular septum is 
intact, and all the blood in the left ventricle flows out through the aorta 
\ patent ductus arteriosus carries blood to the lungs. If the lumen of 
the ductus arteriosus is wide, the lungs may receive a substantial amount 
of blood, but if it is narrow the amount of blood coming to the lungs 
may be inadequate. In such an event an anastomotic operation would 
he expected to be of benefit. The second type of tricuspid atresia, like 
the first, is not associated with transposition of the great vessels (fig 
8). The aorta is wide and is in free communication with the left 
ventricular chamber. The blood which flows into the lungs must pass 
through a narrow slitlike muscular-walled channel to enter a hypoplastic 


right ventricular chamber. The pulmonary trunk arises from this 


34. Edwards, J. E., and Burchell, H. B.: Congenital Tricuspid Atresia: 
Classification, M. Clin. North America 33:1177-1196 (July) 1949 
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chamber. The narrow state of the channel between the two ventricular 
chambers constitutes an important barrier to the flow of blood to the 
lungs. This type of tricuspid atresia is the commonest of all the forms 
of this malformation. The effects of the subpulmonary stenosis can be 
overcome by an anastomotic operation. 

The third and fourth types of tricuspid atresia are alike in that each 
is associated with transposition of the great vessels. A small right ventric- 


ular chamber lies to the right of the large left one. The communication 


between the two chambers is wide, and in effect the two chambers operate 


hig. 8.—Intracardiac circulation in the second type of tricuspid atresia. A 
narrow muscular-walled tract between the two ventricular chambers constitutes 
a zone of subpulmonary stenosis 


as a single ventricle. The chief difference between the third and fourth 
types of tricuspid atresia is that the third is associated with either 
pulmonary or subpulmonary stenosis while in the fourth type there is no 
barrier to the flow of blood to the lungs (fig. 9). On the contrary, the 
patient with the fourth type of tricuspid atresia, wherein there is no 
pulmonary stenosis, may suffer from too much blood flowing to the lungs 
\n anastomotic operation, therefore, would be ineffective. In the third 
type of tricuspid atresia, on the other hand, the effects of the pulmonary 


or subpulmonary stenosis can be overcome by an anastomotic operation. 
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Complete Transposition of the Great Vessels —Complete transposition 
of the great vessels is probably exceeded by no other malformation from 
the point of view of embarrassing the circulatory needs of the subject. 
While the venous connections of the heart are normal, the arterial con- 
nections are distinctly abnormal. The aorta arises from the right ven 
tricle while the pulmonary trunk arises from the left ventricle (fig. 10). 
One effect of this malformation is that venous blood returning to the heart 
flows into the aorta and back to the systemic circulation without the 
benefit of reaching the lungs. Likewise, that arterialized blood which 
returns to the heart is recirculated through the lungs. In its pure form 
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Fig. 9.—Intracardiac circulation in the fourth type of tricuspid atresia. There 
is no pulmonary or subpulmonary stenosis. 


this malformation is incompatible with postnatal life. If postnatal life 
does exist, it means that there is some way of getting arterialized blood 
into the systemic circulation and nonoxygenated blood into the pulmonary 
circulatory system. The three most common means of communication 
are patent foramen ovale, ventricular septal defect and patent ductus 
arteriosus. These three, two of the three or only one of them may exist 
in a given case. Recently, Hanlon and Blalock ** reviewed the literature 

35. Hanlon, C. R., and Blalock, A.: Complete Transposition of the Aorta 
and the Pulmonary Artery: Experimental Observations on Venous Shunts as 
Corrective Procedures, Ann. Surg. 127:385-397 (March) 1948 
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on the subject of complete transposition of the great vessels and reported 
on a study of the cases of this condition in which necropsy had been 
performed at the Johns Hopkins Hospital. As a result of these studies 
they have reiterated and emphasized the postulate that the patient who 
has complete transposition of the great vessels has a better chance for 
survival the more of these three types of communication he has. They 
also have emphasized that the larger these communications are, the 
better the outlook. Regardless of the number of communications present, 


most of the persons who have this type of malformation die in infancy. 


Additional sources of communication between the two circulations 
inay exist and should be sought by the pathologist in all cases of this 
condition in which necropsy is done. Search may uncover facts which 
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Fig. 10.—The circulation in complete transposition of the great vessels 
Condition in case reported by Cockle °8 is portrayed, showing the enlarged bronchial 
arteries and the atrial septal defect 


might explain otherwise unexplainable longevity. Thus anomalous 
drainage of one or several pulmonary veins into the right atrium or one 
of its tributaries would be a means of getting oxygenated blood into the 
right side of the heart and to the aorta, for distribution to the systemic 


circulation. Feldman and Chalmers *° reported a case in which a patient 
lived to the age of 2 months and all the pulmonary veins entered the 
right atrium, A patent foramen ovale was the avenue by which the left 
side of the heart received blood. 

36. Feldman, W. M., and Chalmers, A.: A Case of Complete Transposition 
of the Great Vessels of the Heart with a Patent Foramen Ovale, Brit. J. Child. 
Dis. 30:27-33 (Jan-March) 1933 
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Another important channel by which blood may pass from one system 
into the other in complete transposition of the great vessels may be 
dilated bronchial arteries. Abbott ** stressed this possibility. The case 
of Cockle,** reported in 1863, is a case in point. Cockle’s patient was a 
boy who died at the age of 2 years and 8 months (fig. 10). In addition 
to complete transposition of the great vessels, the necropsy revealed an 
atrial septal defect in the form of a patent foramen ovale, and the 
mediastinal vessels leading to the lungs were greatly dilated. These were 
probably bronchial arteries. The ventricular septum and the ductus 
arteriosus were closed. This case is important since it demonstrates that 
in nature there may be important compensatory phenomena. Similar 
changes may be produced surgically.“*° The dilated bronchial arteries 
may be compared to the anastomotic channel established by the Blalock- 
Taussig operation or that of the operation of Potts, Smith and Gibson 
Through these channels, venous blood in the aorta is carried to the lungs 
for oxygenation. The patent foramen ovale may be compared with a 
surgically created atrial septal defect through which oxygenated blood 
returning from the lungs could enter the right side of the heart for dis 
tribution to the aorta. 

Isolated (or Pure) Pulmonary Stenosis ——This condition is char 
acterized by stenosis of the pulmonary valve and a closed ventricular 
septum. The nature of the stenosis is strikingly similar from case to 
case. While the pulmonary trunk is of normal size and frequently 
larger than normal, there is severe stenosis at the level of the valve.‘ 
The three pulmonary leaflets are fused to form a cone-shaped structure 
which projects upward into the lumen of the pulmonary trunk. Just 
below the apex, the cone is truncated and the orifice, which represents the 
pulmonary orifice at valve level, is very narrow. Whereas in adults the 
pulmonary trunk may measure about 2.5 cm. in diameter, the opening in 
the valve measures only a few millimeters in diameter, hardly ever more 
than 5 mm. (fig. 11). 

Because of the stenosis, there is a great strain on the right ventricle 
lhe pressure within this chamber is considerably elevated,* and _ its 


wall shows a great degree of concentric hypertrophy. The nature of the 


37 Abbott. M E.: Discussion, J Tech. Methods 17:90, 1937. 


38. Cockle, J.: A Case of Transposition of the Great Vessels of the Heart, 
Med.-Chir. Tr. 46:193-209, 1863. 

39. Blalock, A., and Hanlon, C. R.: Interatrial Septal Defect: Its Experi- 
mental Production Under Direct Vision Without Interruption of the Circulation, 
Surg., Gynec. & Obst. 87:183-187 (Aug.) 1948. Hanlon and Blalock.85 

40. Greene, D. G.; Baldwin, E. deF.; Baldwin, J. S.; Himmelstein, A.; Roh, 
C. E., and Cournand. A Pure Congenital Pulmonary Stenosis and Idiopathic 
Congenital Dilatation of the Pulmonary Artery, Am. J. Med. 6:24-40 (Jan.) 1949 
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Fig. 11—The pulmonary valve in isolated (or pure) pulmonary stenosis. The 
pulmonary trunk has been cut across, and the valve is viewed from above. The 
three leaflets are joined so that the opening is considerably narrower than 
the pulmonary trunk. (Reproduced with permission from Parker, R. L.: Pulmonary 
Stenosis: Tetralogy of Fallot, M. Clin. North America 32:855-877 [July] 1948.) 


Fig. 12.—The right ventricle in isolated pulmonary stenosis. Because of the 
extreme concentric hypertrophy, the outflow tract (probe) is reduced to scarcely 
more than a few millimeters in diameter. This is the same case as that illustrated 
in figure 11 
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hypertrophy is important since the thickened wall of the right ventricle 
encroaches on the chamber of the ventricle. This is of consequence in 
the subpulmonary region, particularly in the outflow tract of the right 
ventricle, which may be reduced by the myocardial hypertrophy to but a 
few millimeters in diameter (fig. 12). In a case of a man 26 years old 
encountered at the clinic the lumen of this tract was less than that of the 
narrowed opening in the pulmonary valve.*' It seems pertinent to 


emphasize this in view of the suggestion *' that isolated pulmonary 


Fig. 13 [he intracardiac circulation in isolated pulmonary 


stenosis with 
closed atrial septum 


stenosis might be cured or relieved by a plastic operation on the pulmonary 


valve. It seems that this procedure might fail to vield desired results if 
the concentric hypertrophy of the right ventricle had gone on to the 
state of producing significant subpulmonary stenosis.*' 

41. Parker, R. | Pulmonary Stenosis 


America 32:855-877 (July) 1948 


letralogy of Fallot, M. Clin. Nortl 


4la. Successful pulmonary vavulotomy in this condition has recently been 


reported by Potts and associates (J. A. M. A. 144:8-12 [Sept. 2] 1950) 
by Blalock and Kieffer (Ann. Surg. 132:496-516, 1950 


| 


and 
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While the picture in the pulmonary valve is consistent in cases of 
isolated pulmonary stenosis, the condition of the atrial septum varies and 


forms the basis for subdividing isolated pulmonary stenosis into two 


groups: ** (1) those in which the atrial septum in closed (fig. 13) 


and (2) those in which the atrial septum is patent (fig. 14). The 
functional nature of the two groups may be different. In cases of 
isolated pulmonary stenosis in which the atrial septum is intact there is 
no opportunity for a shunt, and cyanosis is not present, unless cardiac 


failure supervenes. 


Fig. 14.—The intracardiac circulation in isolated pulmonary stenosis with patent 
atrial septum. 


When the atrial septum is patent, it takes the form of a valvelike 
patency similar to that seen in the fetus. If the right atrial pressure 
exceeds that of the left atrium there is a shunt which carries venous 
blood into the left side of the heart. In such a case the arterial blood 
contains less oxygen than normai, and if the degree of desaturation is 
sufficiently great, cyanosis may be present. In this instance isolated 

42. Selzer, A.; Carnes, W. H.; Noble, C. A., Jr.; Higgins, W. H., Jr., and 
Holmes, R. O.: The Syndrome of Pulmonary Stenosis with Patent Foramen 


Ovale, Am. J. Med. 6:3-23 (Jan.) 1949, 
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pulmonary stenosis is functionally comparable to the tetralogy of Fallot. 


Surgical anastomosis between a systemic and a pulmonary artery is 
justifiable if the evidence shows that considerable venous blood is 
entering the left side of the heart. 

In isolated pulmonary stenosis with a defective atrial septum there 
is, of course, the same chance of failure of the right side of the heart or 
bacterial endocarditis as in the case of isolated pulmonary stenosis with 
a closed atrial septum. Even without the presence of bacterial endo- 
carditis there is a possibility of cerebral abscess in cases of isolated 
pulmonary stenosis associated with an atrial septal defect. In a man 
26 years of age studied at the clinic this complication was seen.*' It is 
of interest that it apparently does not develop in the cases of closed 
atrial septum. In the review of Selzer and his associates ** there was 
mentioned the occurrence of cerebral abscess in three instances among 
the reviewed cases of isolated pulmonary stenosis with open atrial septum, 
while there were none listed among the cases with complete atrial septum 
In passing, it seems pertinent to mention that this distinction between 
the two types of isolated pulmonary stenosis is in support of the concept 
that the syndrome of congenital cardiac disease and cerebral abscess is 
reserved for those forms of cardiac disease in which there is an oppor- 
tunity for venous blood to by-pass the lungs and to enter the systemic 
vessels directly. 

Persistent Truncus Arteriosus.—Collett and I *° recently reported on 
a review of the literature of persistent truncus arteriosus. We found 
that major types of this malformation may be classed in four categories 
on the basis of the anatomic nature of the pulmonary arterial system 
Common to the four major types of persistent truncus arteriosus is 
the presence of a single arterial trunk in communication with the ven 
tricular part of the heart. There is a ventricular septal defect above 
which, in most cases, the single arterial trunk, the truncus arteriosus, 
arises from each ventricle. In a small number of cases the truncus 
arteriosus arises from the right ventricle exclusively, and in even a 
smaller number it takes origin from the left ventricle alone. Above the 
level of the ventricular part of the heart the arterial arrangement varies 
and, as indicated, is the basis for a classification of the condition 

In the first group a short pulmonary trunk arises from the truncus 
arteriosus, and shortly beyond that the pulmonary trunk divides into 
the right and left pulmonary arteries. In the second and third groups 
there is no pulmonary trunk; the right and left pulmonary arteries arise 
independently from the truncus arteriosus. In the second group the 


pulmonary arteries arise closely alined to one another from the posterior 
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aspect of the truncus, while in the third group the two pulmonary arteries 
arise from the respective sides of the truncus. In an occasional case in 
either the second or the third group the pulmonary artery is absent on 
one side. The fourth group is characterized by absence of the pulmonary 
arteries. In this group the blood goes to the lungs by way of dilated 
bronchial arteries. It is evident, therefore, that among a group of 
cases of persistent truncus arteriosus there is considerable anatomic 
variation. Consequently there must exist a variation in function among 
cases of persistent truncus arteriosus. In the cases of the first group 
there are usually a wide pulmonary trunk and wide pulmonary arteries. 
It is apparent that in this type there is no problem. with respect to 
getting an adequate amount of blood to flow to the lungs. Here, as in 
the Eisenmenger complex, the problem in function is that there may be 
more than an adequate blood flow to the lungs, unless some regulatory 
mechanism operates effectively in the region of the pulmonary vascular 
bed. Such a regulatory mechanism does not seem to be in operation, at 
least effectively, in many of the cases, since survival is, as a rule, 
short in patients with the first type of persistent truncus arteriosus. Of 
34 cases of this type which Collet and I reviewed from the literature in 
which the age was stated, the majority of the patients, namely, 28, were 
dead by the end of the sixth month of postnatal life. The oldest lived to 
the age of 13 years. 

The functional nature of the second and _ third types of truncus 
arteriosus is probably variable depending on whether both pulmonary 
arteries exist and also on the caliber of these vessels. Those conditions 
in which the pulmonary arteries are large may be compared functionally, 
as the first type of persistent truncus arteriosus, with the Eisenmenger 
complex, while those in which there is absence of one pulmonary artery 
or stenosis of the existing vessels would more justifiably be comparable 
to the tetralogy of Fallot. It is further possible that in these two groups 
with pulmonary arteries of adequate size the intrapulmonary arterial 
system is of such a nature as to allow an optimal amount of blood to 
flow to the lungs. An equitable arrangement of this nature might be 
responsible for the survival to the thirty-sixth year of one of the patients 
who had the second type of truncus arteriosus in Collett’s and my series 
collected from the literature. 

The fourth type of truncus arteriosus, wherein there are no pul 
monary arteries, is closely comparable functionally to the tetralogy of 


Kaliot showing pulmonary atresia. In both of these conditions no blood 


from the heart flows directly to the lungs. The pulmonary blood supply 


depends on collateral vessels, mainly the bronchial arteries. That these 
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channels may be very effective, at times, in carrying on the function of 
collateral vessels is supported by the fact that Collett and I found reports 
on six patients with this type of persistent truncus arteriosus who had 
lived 15 months or longer. Three of these six patients survived to the 
age of 20 years or beyond. 

Patent Ductus Arteriosus Distal to Coarctation of the Aorta. 
Reference has already been made to a recent communication by several 
of my associates and me ** on patent ductus arteriosus coexisting with 
coarctation of the aorta. The cases wherein the aortic mouth of the 
patent ductus arteriosus lay proximal to the level of the coarctation of 
the aorta have been described under the section on arteriovenous shunts. 
It was pointed out that when, in contrast, the aortic mouth of the ductus 
arteriosus lies distal to the coarctation of the aorta a venous-arterial 
shunt is present. In the latter cases there is no well developed collateral 
system of peripheral arteries to by-pass the coarctation and the circula 
tion resembles that of the fetus in the following manner: The blood 
which leaves the right ventricle flows in part to the lungs and in part 
through the ductus arteriosus to the descending aorta and through it to 
its branches. 

In our two cases of this malformation there was uniform and diffuse 


medial hypertrophy of the smaller intrapulmonary arteries. The 


thick medias gave these pulmonary vessels the morphologic appear 


ance of peripheral vessels. It was pointed out that since the right ventricle 
supplied both the lungs and the lower part of the systemic circula 
tion, some similarity between the resistance to the flow of blood through 
the two areas must have existed. In one case wherein blood pressures 
of the lower extremities had been measured, they had been found to be 
normal, and we concluded that the pulmonary pressures must have been 
elevated since the pulmonary circulation and that of the lower part of 
the body were essentially within one closed system. In order for the 
pulmonary pressure to be elevated, we postulated that there must have 
been an increase over the normal degree of resistance to pulmonary blood 
flow. The medial thickening of the pulmonary arteries seems to 
be the morphologic expression of increased tone during life in the 
involved vessels. The medial changes of the pulmonary arteries 
in our two cases of patent ductus arteriosus distal to coarctation of 
the aorta seem to be similar to the changes described by Stewart 
and Crawford *° in the smaller pulmonary arteries in their case of the 
Eisenmenger complex. That this is so is not surprising since in each 
of these conditions the right ventricle supplies blood to the lungs while 


simultaneously acting as a systemic ventricle 
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In addition to the medial hypertrophy of the pulmonary arteries 
in our two cases of patent ductus arteriosus distal to coarctation 
of the aorta, there were pulmonary vessels with intimal changes. These 
were characterized by intimal fibrous thickening which added to the 
luminal narrowing resulting from the medial hypertrophy and caused 
pronounced luminal narrowing. These changes were particularly marked 


and widespread in one of our two cases. We interpret these intimal 


changes as secondary to the existing hypertension of the pulmonary 
circulation, the latter resulting from increased resistance to pulmonary 
blood flow caused by tone of the arterial medias. It should be 
stressed that while the intimal changes result from pulmonary hyper 
tension they increase the resistance to pulmonary blood flow and_ so 
serve to cause an even greater degree of pulmonary hypertension. 

In neither of the two cases which we reported after necropsy had 
cyanosis been observed during life. 

Anomalous Drainage of All the Pulmonary Veins.—In the section 
on arteriovenous shunts anomalous drainage of part of the pulmonary 
veins into the right atrium or into one of its tributaries was discussed. 
It was indicated that such a malformation causes a functional aberration 
similar to that of atrial septal defect. When the entire pulmonary venous 
drainage is anomalous, however, the altered function differs from that of 
partial anomalous drainage. In anomalous drainage of all the pulmonary 
veins the cardiovascular svstem functions as though there were a two- 
chambered heart. 

In anomalous drainage of all the pulmonary veins there are no venous 
connections with the left atrium. All the blood which comes into the 
heart, both arterialized from the lungs and venous from the peripheral 
veins, enters the right atrium. Here there is mixing of the two types of 
blood. From the right atrium some of the blood flows through the 
tricuspid orifice into the right ventricle and on to the lungs. The 
remainder of the blood in the right atrium flows across an atrial septal 
defect into the left atrium, from which the blood passes on to the left 
ventricle, the aorta and the peripheral systemic vessels. It is apparent 
that since the blood is mixed in the right atrium, the oxygen content of 
that which flows to the lungs must be identical or similar to that of the 
blood which flows in the systemic circulation. Since this blood has a sub- 
stantial proportion of venous blood in it, cyanosis is a common clinical 
finding. 

Complete anomalous drainage of the pulmonary veins has_ been 
recognized pathologically only a few times. In the report of Brody * 


which appeared in 1942, 23 cases of complete anomalous drainage of the 
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pulmonary veins in which there were no associated major malformations 
of the cardiovascular system were reviewed; in the same report there 
were 14 cases of this venous malformation which were associated with 
other major cardiovascular malformations. Though rare, it is important 
to stress the occurrence of complete anomalous drainage of the pulmonary 
veins since clinical recognition may lead to an operation in which the 
anomalous drainage will be overcome by anastomosis of the pulmonary 
veins with the left atrium.'® Such a procedure, although as yet not 
tried in such a case, as far as | am aware, could lead to perfect cardio- 
vascular function. Without surgical correction of this sort, continuation 


of life beyond a few months after birth is not usually to be anticipated 


Pulmonary 
veins 
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Fig. 15.—The anomalous connection of the entire pulmonary venous system 
with the ductus venosus. /.].C. indicates inferior vena cava; K.H.1"., right hepatic 
vein, and R.P.] right portal vein 


Recently DuShane, of the Section on Pediatrics of the Mayo Clinic, 
and | studied an infant who was cyanotic throughout the nineteen days 
f postnatal life. The clinical, roentgenologic and electrocardiographic 
examinations revealed no evidence of cardiac disease save cyanosis and 
dyspnea. Necropsy revealed that all the pulmonary veins joined to form 
a common trunk which in turn descended in the posterior mediastinum 
to pass through the diaphragm and to enter the abdominal cavity. In 
the latter location the common pulmonary venous trunk terminated by 
entering the ductus venosus, which was narrow. The left side of the 
heart was smaller than normal, and the only channel by which the left 
atrium received blood was a widely patent foramen ovale. The per 


tinent vascular connections and the intracardiac circulation in this case 
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are illustrated in figures 15 and 16. This case is reported in greater 
detail elsewhere.*** 


Congenital Pulmonary Arteriovenous Fistula—Congenital arterio- 


venous fistula of the lung is a condition which clinically may mimic those 


cardiac malformations characterized by venous-arterial shunts. It is a 
condition which is relatively simple to recognize clinically,** and it may 
he cured by surgical intervention.** Though it is an arteriovenous fistula, 
it is essential to recall that the arterial as well as the venous sides of the 
malformation are in the pulmonary circuit. Consequently the blood on 
the arterial side is venous in character and the venous side is expected, 


Fig. 16.—The intracardiac circulation in complete anomalous drainage of the 


pulmonary venous system. The connections of the pulmonary veins are illustrated 


in figure 15. Contrast this figure with figure 2, 


42a. Edwards, J. E., and Du Shane, J. W.: Thoracic Venous Anomalies 
I. Vascular Connection of the Left Atrium and the Left Innominate Vein (Levo 
atriocardinal Vein) Associated with Mitral Atresia and Premature Closure of the 
Foramen Ovale (Case 1). II. Pulmonary Veins Draining Wholly into the 
Ductus Venosus (Case 2), Arch. Path. 49:517-537 (May) 1950 

43. Smith, H. L., and Horton, B. T Arteriovenous Fistula of the Lung 
\ssociated with Polycythemia Vera: Report of a Case in Which the Diagnosis 
Was Made Clinically, Am. Heart J. 18:589-592 (Nov.) 1939. 

44. Burchell, H. B., and Clagett, O. T.: The Clinical Syndrome Associated 
with Pulmonary Arteriovenous Fistulas: Including a Case Report of a Surgical 
Cure, Am. Heart J. 34:151-162 (Aug.) 1947. Smith and Horton.4 
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under normal conditions, to carry oxygenated blood. Because of the 
by-pass from the pulmonary arterial side to the pulmonary venous side, 
venous type of blood is carried into the pulmonary veins. From here 
the shunted blood flows to the left side of the heart and is then distributed 
through the greater circulation. Consequently, the blood of the peripheral 
arteries contains some venous blood and is not completely saturated with 
oxygen. The degree of desaturation may be sufficiently great to produce 
visible signs of cyanosis. Companions of the lowered oxygen saturation 
of the arterial blood are polycythemia, clubbing of the digits and fatigue 
The lesion may be indicated roentgenographically as a lobulated mass in 
the involved lobe. Roentgenoscopically the mass may be seen to pulsate 
\ bruit may at times be heard over the site of the malformation. There 
are usually no associated cardiac malformations, although the history 
of cyanosis from early childhood may lead to an initial diagnosis of 
congenital cardiac disease. Surgical removal of the lobe containing the 
communication will effect a cure, resulting in disappearance of cyanosis 
and of the associated signs. Complete saturation of the systemic arterial 
blood results. 

Since the blood which flows through the anomalous communication 
is venous blood which by-passes the lungs, it is to be anticipated that 
cerebral abscess may develop as a complication of congenital pulmonary 
arteriovenous fistula, as it may in those types of congenital cardiac disease 
which are characterized by venous arterial shunts. Indeed such a com 
plication has been reported by Wodehouse *° in a boy 13 years old who 
had a pulmonary arteriovenous fistula. In that case necropsy revealed 
no intravascular focus of infection. This is consistent with the situation 
when a cerebral abscess complicates a cardiac malformation 

Bacterial infection of the fistula is another complication which might 
be anticipated. Indeed this, too, has been described. It occurred in a case 


reported by Maier and his associates.*° The patient was a woman 20 
years old who was cured both of the fistula and of the infection by 


removal of the involved lobe. 


SUMMARY 


\ review is presented of the functional pathology of those major 


cardiovascular malformations which are characterized by shunts 


The three common malformations characterized by arteriovenous 
shunts are atrial septal defect, ventricular septal defect and patent 

45. Wodehouse, G. E Hemangioma of the Lung \ Review of 4 Cases, 
Including 2 Not Previously Reported, One of Which Was Complicated by Brain 
Abscess Due to H. Influenzae, J. Thoracic Surg. 17:408-415 (June) 1948 

46. Maier, H. C.; Himmelstein, A.; Riley, R. L., and Bunin, J. J Arterio 
venous Fistula of the Lung, J. Thoracic Surg. 17:13-22 (Feb.) 1948 
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ductus arteriosus. It is enrphasized that anomalous drainage of part ot 
the pulmonary venous system into the right atrium or into one of its 
tributaries functions similarly to an atrial septal defect. Even with the 
aid of cardiac catheterization, the distinction between the two conditions 
may be difficult. Surgical cure of a shunt caused by anomalous drainage 
of part of the pulmonary veins could be expected from lobectomy (or 
pneumonectomy ) or transplantation of the anomalous veins or veins into 
the left atrium. 

Coarctation of the aorta associated with patent ductus arteriosus 
wherein the aortic mouth of the ductus arteriosus lies proximal to the 
coarctation is characterized by an arteriovenous shunt. In such cases, 
though the magnitude of the shunt is potentially great by virtue of the 
aortic hypertension, the volume of shunted blood may be reduced by the 
presence of occlusive changes in the intrapulmonary arterial and arterio- 
lar bed. Such changes, although reducing the magnitude of the shunt, 
place a great strain on the right ventricle. 

The majority of malformations causing a venous-arterial shunt show 
the feature wherein the right ventricle or a single ventricle supplies 
blood to the lungs and simultaneously to the systemic circulation. These 
may be subdivided into two groups depending on whether or not there is 
a barrier to pulmonary blood flow in the form of pulmonary or sub 
pulmonary stenosis. 

Malformations characterized by pulmonary or subpulmonary stenosis 
have as a prototype the tetralogy of Fallot. Other conditions which are 
functionally similar to this malformation are (1) certain forms of tri- 
cuspid atresia, (2) certain forms of persistent truncus arteriosus, (3) 
complete transposition of the great vessels, (4) isolated pulmonary 
stenosis with patent atrial septum and (5) anomalous drainage of all 
the pulmonary veins. 

The Eisenmenger complex is the prototype for those malformations 
which are characterized by the right or a single ventricle being the 


simultaneous propelling force for blood to the lungs and to the systemic 


circulation and which are not associated with pulmonary or subpulmonary 


stenosis. Associated with these malformations there are probably 
regulatory forces in the pulmonary arterial bed which raise the 
resistance to pulmonary blood flow. ‘These are responsible for pul 
monary hypertension and, at the same time, for an equitable dis- 
tribution of blood between the pulmonary and the systemic circulation. 
Other members of the group are (1) the Taussig-Bing complex, (2) 
certain forms of tricuspid atresia, (3) certain forms of persistent truncus 
arteriosus, (4) coarctation of the aorta coexisting with patent ductus 
arteriosus wherein the aortic mouth of the ductus arteriosus lies distal 


to the aortic coarctation and (5) common ventricle 
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\nomalous drainage of all the pulmonary veins into the right atrium 
or into one of its tributaries is to be distinguished from partially anoma- 
lous drainage. When the pulmonary venous drainage is only partly 
anomalous, the shunt is exclusively arteriovenous. When the drainage is 
completely anomalous, a venous-arterial shunt is an outstanding feature 
of the malformation. Cure could be expected from anastomosis of the 


anomalous pulmonary veins with the left atrium. 


Pulmonary arteriovenous fistula may be confused with congenital 
cardiac disease with cyanosis. The condition is readily recognized 
clinically and may be cured by surgical removal of the lobe containing 
the fistula. 








SACROCOCCYGEAL TERATOMA IN THE NEWBORN 


JOSEPH M. WALKER Jr., M.D. 
AND 
ROBERT J. P. FOSTER, M.D. 
WINSTON-SALEM, N. C. 


ERATOMAS may appear anywhere in the body, although they 

show a predilection for the poles. They are found most frequently 
in the sacrococcygeal and anorectal regions.’ Ewing * states that sacro- 
coccygeal teratoid tumors are solid, cystic, large, nodular, congenital 
tumors lying at the lower end of the spinal column in front of the sacrum 
and coccyx. They project below, displacing the anus forward, and may 
extend over the dorsal surface of the sacrum and the coeccyx. A definite 
connection with the bone may be seen. One third of the subjects are 
born dead, and 90 per cent die in the first few days. 

Congenital tumors of the sacrococcygeal region occur once in 34,582 
births, and teratomas make up only a small per cent of these.* Chaffin 4 
reports that 75 per cent of these tumors appear in females. Riker and 
Potts © report a series of 6 cases, all of which involved female infants. 
Teratomas are usually benign growths; however, 15 per cent of sacro- 
coccygeal teratomas become malignant. Rapid growth of a teratoma does 
not necessarily indicate malignancy because the growth of the tumor 
usually parallels that of the child. The presence of well formed bony 
structures, muscular twitching or peristalsis indicates a benign tumor.° 


The degree of cell differentiation is important in a discussion of malig- 


From the departments of surgery and pediatrics of the Kate Bitting Reynolds 
Memorial Hospital. 

1. MacCallum, W. G.: A Textbook of Pathology, ed. 7, Philadelphia, W. B. 
Saunders Company, 1940, p. 1205. 

2. Ewing, J.: Neoplastic Diseases: A Treatise on Tumors, ed. 4, Philadelphia, 
W. B. Saunders Company, 1940, p. 1068. 

3. Hundling, H. W.: Ventral Tumors of the Sacrum, Surg., Gynec. & Obst. 
38:518, 1924. 

4. Chaffin, L.: Clinical Aspects of Sacrococcygeal Teratoma, Surg., Gynec. 
& Obst. 69:337, 1939. 

5. Riker, W., and Potts, W. J.: Sacrococcygeal Teratoma in Infancy: Report 
of 6 Cases, Ann. Surg. 128:89, 1948. 
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nancy. According to McKnight,® the more the cell approaches the adult 
type, as in the formation of glands and organs, the less the possibility of 
a malignant process. 

Sacrococeygeal teratomas are usually obvious at birth but may vary 
in manifestation from a small discoloration on the buttocks or a small 
walnut-sized nodule to a large sacrococeygeal mass which causes dystocia 
and even fetal death.’ The symptomatology depends on the location and 
size of the teratoma. Those which are posterior to the sacrum usually 
make their presence known early because of their subcutaneous location. 
The tumor may be as large as the child’s head. When the growth is 
large, the child prefers to lie on its side with the knees flexed. If the 
tumor manifests itself after walking has begun, the infant walks on a 
wide base. If the teratoma is between the sacrum and the rectum, the 


first symptom noted may be constipation, which may be followed by 


diarrhea, signs of intestinal obstruction and urinary retention.* It is not 
the purpose of this paper to evaluate the numerous theories attempting 


to explain these tumors. 


PRESENTATION OF CASI 


M. F. D., a 7 day old Negro female iniant, entered Kate Bitting Reynolds 
Memorial Hospital because of a congenital mass in the sacrococcygeal area. The 
infant was delivered in a nearby rural community, and the birth weight was not 
taken. It was stated that delivery had been difficult but intervention had not been 
necessary. The tumor at birth was approximately one half the size of the infant's 
head and had grown considerably since then. The baby was breast fed and retained 
the feedings. The stools were normal, and ability to void was unimpaired. The child 
could only lie on her side and kept her knees flexed 

Physical Examination.—The temperature was 101.8 F., the pulse rate 94 and 
the respiratory rate 42. The weight was 6 pounds 1 ounce (2.7 Kg.), and the 
infant was well developed and well nourished. The lungs and heart were normal 
The abdomen was soft, and no masses or viscera could be palpated. The external 
genitalia were normal. The principal findings were confined to the sacrococcygeal 
area, where a mass the size of the baby’s head was seen, the greater portion of 
which seemed to be confined to the right side (fig. 1). It extended bilaterally into 
the buttocks and was lobulated in appearance, with cystic areas interspersed between 
firm areas. The skin at the apex was thin, necrotic and weeping. Large distended 
veins were coufsing over the mass. The skin at the base was warm, pink and healthy 
in appearance. The anus was drawn posteriorly by the mass. There was no increase 


in the size of the mass when the infant cried, nor was there evidence of spina 


6. McKnight, H. A.: Sacrococeygeal Teratoma in the Newborn, Am. J. Sure 
46:387, 1939 

7. Neal, M. P., and Carlisle, J. B.: Congenital Sacrococcygeal Tumors, Sout! 
M. J. 36:677, 1943 

8. (a) Brown, R. K., and Brown, FE. ¢ Sacrococcygeal Teratoma with 
Urinary Retention, Arch. Surg. 60:535 (March) 1950. (b) Stewart, J. D.; 
Alter, N. M., and Craig, J. D.: Sacrococeygeal Teratoma with Malignant Degen 
eration in Childhood, Sure. Gynec. & Obst. 50:85, 1930 
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bifida. Rectal examination revealed distortion of the position of the rectum, which 
was not obstructed. The extremities were flexed but were normal, as were th 
reflexes. 

Laboratory Data—The red blood cell count was 3,420,000, the hemoglobin 
67 per cent and the white blood cell count 17,300. The differential count showed 
1 juvenile cell, 20 stab cells, 15 segmented cells, 62 lymphocytes and 2 monocytes. 
The urinalysis gave normal results. 

Roentgenologic Report.—Posteroanterior and lateral views of the lumbar region 
of the spine and the pelvis showed that there was a large soft tissue mass measuring 
about 13 by 12 cm., projecting posteriorly from the midline in the region of the 
sacrum. Multiple calcifications were noted within the mass. As far as could be 
determined, the vertebrae appeared normal, and the mass seemed to protrude 
between the sacrum and the ischium. The impression was of a soft tissue mass, 


probably a dermoid cyst or a teratoma. 


Fig. 1.—A, preoperative photograph showing sacrococcygeal mass as large as 
baby’s head. Dark areas of skin on mass are areas of necrosis. B, close-up showing 
distortion of position of anus by the mass. 


Clinical Course.—On the ninth day of life, two days after the infant’s admission, 


the sacrococcygeal tumor was removed in part with the patient under drop ether 


anesthesia. An elliptical incision was made near the base of the tumor through 
healthy skin, and by sharp and blunt dissection the large tumor was shelled out 
without difficulty. Hemorrhage was slight, but in spite of this shock occurred, 
necessitating immediate skin closure and transfusion of 40 cc. of citrated blood 
through the jugular vein. Postoperatively, diarrhea developed and the temperature 
rose to 103.8 F. on the second postoperative day and returned to normal on the 
fifth day. Duracillin in oil® (crystalline procaine penicillin G in oil), 150,000 units, 
was given daily. The formula was well taken. A transfusion of 30 cc. of blood was 
given on the third postoperative day. The following day the baby weighed 5 
pounds 12 ounces (2.6 Kg.). There was a fetid serosangineous fluid soiling the 


dressing over the operative site. The wound was edematous, and cotton sutures had 
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cut through the skin. These were removed, and complete dehiscence occurred. The 


wound subsequently filled with granulation tissue and was dressed daily with 
nitrofurazone (furacin®) dressings, 


On the twelfth postoperative day the infant returned to surgery for removal 


of the remainder of the tumor. The weight then was 6 pounds 5 ounces (2.9 Kg.). 
Open drop anesthesia was again used. A small rubber catheter was inserted in the 
rectum to aid in its identification. The old scar was excised, and dissection was 
carried down to the rectum, which was cleansed of all possible tissue. There was no 
connection between the tumor and the sacrum and no extension of tumor into the 
retroperitoneal space. The redundant skin was excised, and the wound was closed 
anatomically. Shock did not occur. Both stages of the operation were performed 


by one of us (J. M. W.). 


Pathologic Report—Gross Description: Specimen 1, a large multiloculated 
solid and cystic structure, is rounded in shape and roughly measures 12 cm. in 


lare 
ig. 2 1, first and larger portion of sacrococcygeal tumor showing a larg 


amount of skin removed with tumor. B, cut surface showing multiple, various-sized 
mucus-filled pockets and cysts scattered thi out the firm nodular tumor tissue 


diameter (fig. 2). It is covered with skin except for the cut surface. The skin 


. ~ vang us changes Tl} ut surface shows multiple 
surtace shows inflammatory gangrenous Change le cut surtace V if 


various-sized, mucus-filled pockets and cysts There is a circumscribed dark red 


zone measuring 5 cm. in diameter in one area. Adjacent to this area there is a fairly 
hard mass which cuts with a gritty sensation The gross diagnosis is congenital 
teratomatous cystic mass. Specimen 2 is a rounded mass measuring 7.5 by 5.5 by 4 
m. It has strips of skin attached to it. When cut into, several cysts are entered 
lled with serous and slimy fluid. There are multiple smaller cysts scattered through 

rest of the specimen containing slimy straw-colored fluid and watery fluid 


diagnosis is teratoma 


Microscopic Deseription Sections through different areas of the specin 


submitted show evidence of tissue derivatives of all three 
ectoderm, mesoderm and endoderm (figs. 3 and 4 From the ectoderm tl 


germ layers, namely 


e sections 





Fig. 3.—An area of cartilage, muscle fibers and bony trabeculae surrounded by 
marrow tissue. 





Fig. 4.—Irregularly shaped spaces, some lined with tall columnar epithelium, 
representing gastrointestinal tract. Another space is lined with indistinct stratified 
ciliated columnar epithelium, representing the respiratory tract 
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show cysts lined with normally differentiated squamous epithelium forming epi- 
dermis. Surrounding the epidermis-lined cysts is connective tissue in which are 
located hair follicles and sebaceous and sweat glands. Elsewhere in the tissue one 
may see nerve trunks and fibers. In the endoderm there are tall columnar cells with 
basally located nuclei resembling cells lining the gastrointestinal tract. Cyst spaces 
lined with stratified ciliated columnar cells are seen scattered through the specimen 
Occasionally mucous glands surround such spaces. Isolated groups of small glands 
composed of cuboidal epithelium resemble pancreatic tissue. In the mesoderm one 
notes the formation of cartilage, osseous tissue and bony trabeculae separating 
marrow spaces. Adjacent to areas of cartilage and bone formation one may note 
striated skeleton muscle. The diagnosis is teratoma. 

Subsequent Course.—After the second operative procedure, the infant’s tempera- 
ture rose to 102 F. on the first postoperative day, returning to normal! on the second 
day. Transfusions of 70 cc. of citrated blood were given daily for the first three 


Fig. 5.—Photograph of infant M. F. D., six months after operation. Buttock 
is nearly round; infant can extend legs fully, and general development is excellent 


postoperative days. In spite of the impossibility of keeping the dressing free of 
urine and feces, the wound healed per primam and the infant was discharged twenty 
days after her admission. Her weight on discharge was 7 pounds (3.2 Kg.). The 
red blood cell count was 4,062,000, the hemoglobin 82 per cent and the white blood 
cell count 8,400. The stools were normal. 


COMMENT 


Sacrococcygeal teratomas may present a problem at the time of birth 


by causing dystocia, which may result in the death of the infant and 


mother, It is an established fact that this condition is characterized by a 
high fetal mortality rate. It is important that any nodule or tumor in the 


} 


sacrococcygeal area or on the buttock of a newborn infant be investi 


gated. This is emphasized by Hermann, cited by Stewart and others.* 
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Immediate surgical removal of the tumor is indicated, for the rate of 
growth is usually rapid and the skin undergoes necrosis and becomes 
infected. Double tumors may appear, as shown by Renner and Goodsitt,® 
who presented a case of a benign sacrococcygeal teratoma posterior to the 
sacrum, which was removed on the sixth day of life. A second tumor was 
found at the age of 10% months, located between the rectum and the 
sacrum, which histologically was malignant. Rectal examination fre- 
quently will demonstrate the presence of a second mass, though it is 
conceivable that another tumor may be present which only manifests 
itself months later. Because of the high incidence of malignant growths 
and of recurrence, complete extirpation is necessary. 


SUMMARY 

\ case of sacrococcygeal teratoma is reported. This tumor, like the 
greater percentage of sacrococcygeal teratomas, was in a female infant 
and was a single growth; however, unlike others it had no accompanying 
developmental anomaly which could be demonstrated. Surgical inter- 
vention was performed on the ninth day of life and was done in two 
stages because of shock, after removal of the larger portion of the tumor. 
Intravenous transfusions may have obviated two surgical procedures. 
Follow-up study six months after surgical treatment showed a healthy 
infant, who was developing normally, was able to sit up without support 
and extend her legs fully (fig. 5). Rectal examination failed to reveal 
a second mass, and there was no evidence of a tumor at the opera 
tive site. 


R., and Goodsitt, E Sacro occygeal leratoma 


umor in a Newborn Infant, Am. J. Cancer 24:617 


9. Renner, R 
Case of Double T 





USE OF A DETERGENT (pHISODERM*) COMBINED WITH 
HEXACHLOROPHENE FOR SKIN DISINFECTION 


BROMLEY S. FREEMAN, M.D.* 
HOUSTON, TEXAS 
AND 
THOMAS K. YOUNG Jr., M.D 
TEMPLE, TEXAS 


REOPERATIVE sterilization of the skin of patient and personnel 
has been shown to be the weakest link in the chain of sterile technic 
Chis report reviews the results of a clinical trial for one calendar year 
of a combination of a detergent (pHisoderm®) with a new antiseptic 
3 per cent hexachlorophene) for the preoperative sterilization of both 
the operative field and the hands of the operating personnel 


RATIONALE Ol EXPERIMENT 


Previous experimental studies have shown that routine use of hexa 
chlorophene (formerly known as G-11) resulted in a rapid, decided and 
permanent fall in the resident bacteria of the skin * and that the apparent 
retention of hexachlorophene in the skin resulted in a cumulative bac 
teriostatic effect on the resident flora.*” Guild * showed that pHisoderm,® 


This study was aided by a grant from Winthrop-Stearns, Inc., New York 

* Formerly Chief of the Surgical Service, McClosky (Veterans Administratiot 
ospital, Temple, Texas. 

ms Preoperative Sku Preparatior with Reference to Surface 


ontaminants and Resident Flora. S. Clin. North America 26:1053-1059 


Clark, D. G. C.; Lockwood, J , and Lewitt, | 2, 2-Dihydroxy 
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a New Compound sed i oap to Redu he Bacterial Flora of the Humar 
Skin, ibid. 79:205, 1944 Udinsky Reduction in Total Skin Flora 
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a detergent cream composed of a sulfonated ether petrolatum, lactic acid 
and wool fat cholesterols, possessed active emulsifying, sudsing and 
dispersing properties with a surface activity estimated to be about 40 
per cent greater than that of soap. It yielded no objectionable end 
products on hydrolysis, and, having a py of 5.5, preserved the normal 
acid py of skin. Hufnagel, Walter and Howard,‘ in a comparative study 
of multiple determinations of the flora of skin under standardized 
mechanical conditions after the use of various detergents and germicides, 
showed that 3 per cent hexachlorophene in a sulfonated detergent 
(pHisoderm®) displayed the most rapid disinfecting action. 


PROCEDURE 


In view of the experimental evidence presented of the superiority of 


this combination of pHisoderm® and hexachlorophene, we attempted a 


clinical trial of this material. For one calendar year, throughout the 
entire surgical services, 3 per cent hexachlorophene in pHisoderm® was 
used exclusively for preparations of the skin of patients and personnel as 
outlined here. 
Hand and Arm Scrub for Personnel 

1. Scrape the subungual spaces with tip of nail file. 

2. Wet hands and arms thoroughly. Using 2 cc. of detergent on skin of 
each hand, wash arms and hands. Rinse completely. 

3. Repeat and, using brush, develop an anatomic scrub so that every 
of the skin receives 15 brush strokes and the nails 25. 

4. Rinse with tap water. 

(After practicing, this takes two minutes.) 


Preparation of Patient’s Skin 
1. Apply 5 cc. of pHisoderm® with hexachlorophene to the skin and, using 
gauze sponges wet in sterile water, develop a lather. 
2. Shave the area and wipe clean. 
3. Add 5 cc. of the agent and continue the scrub for four minutes. 


4. Wipe off the lather with a wet sponge and blot dry with a sterile towel. 


In vascular, plastic and orthopedic cases the scrub is repeated daily 
four days prior to operation. In other elective cases the operative area is 
prepared the evening before. In emergency cases there is but one 
preparation. No other antiseptic is used at any time. At the time of the 
removal of sutures and as part of every dressing, the wound is washed 
carefully with pHisoderm® and hexachlorophene for one minute and the 


suds removed with a moist sponge. 


4. Hufnagel, C. A.; Walter, C. W., and Howard, R. W.: An in Vivo Method 
for Evaluation of Detergents and Germicides, Surgery 23:753-759, 1948. 
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On the institution of this study no attempts were made to change the 
operative technic by any directions to medical or nursing personnel. All 
other germicides were removed, soap dispensers replaced with those for 
pHisoderm® and hexachlorophene compound and instructions issued for 
scrub. To study the wound healing a standard form was prepared 
(table 1), which was attached to each chart in the operating room and 
completed by the resident in charge of the case. 

All wounds were classified as clean, potentially contaminated or 
infected. Wound healing was assayed as to primary union, reddened skin 


edges, increased induration, stitch abscess, partial infection and total 


TaBLe 1.—Case Report for Study of Wound Infections 


Date of Operation 
Operation: 
Operator: 
Prep: Elective Emergency 
Suture Materia! 
Preop. Prognosis Clear Potentially Contaminated Infeeted 
Drains: Type No.: When Removed: 
Post-Op. Temp Over % Duration Over 101.4 Duration 
Sutures Removed Cast 
Wound Healing 

Primary Unior Necrosis of Skin Edges 

Reddened at Fdges Stiteh Abscess 

Induration Partial Wound Infection 

Seroma Complete Infeetion 

Hematomua Gangrene 
Cultures: 
Treatment and Remarks 
Complications 
Date of Report 

Ward Surgeor 

Name Ward No Reg. No 


infection. Seromas and hematomas were cultured, but if the cultures 
were sterile they were not reported as infections. All wounds in which 


primary closures were attempted were included, with the exception of 


those drained over forty-eight hours (such as ureterolithotomy wounds) 

Ninety per cent of the operative procedures were carried out by the 
junior staff corresponding to the status of residents. Nonabsorbable 
sutures were used routinely. Our operating rooms did not have ultraviolet 
radiation, air conditioners in use did not have water or chemical humidi- 
fiers and the majority of the surgical wards were not air conditioned 
This last circumstance, in central Texas where temperatures often exceed 
100 F., should have permitted more preoperative and postoperative con 
taminations from perspiration.® 


5. Lovell, D. L.: Skin Bacteria: Their Localization with Reference t 
Skin Sterilization, Surg., Gynec. & Obst. 80:174-177, 1945 
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RESULTS 
Our incidence of infections is summarized in table 2. A total of 1,131 
operative incisions were studied, with an over-all incidence of 21 infec- 
tions, or a gross infection rate of 1.85 per cent. In a review of 561 clean 
major operative wounds, five infections were found, an incidence of 0.9 
per cent. Of these, three were stitch abscesses, one was a partial wound 


TABLE 2.—Inctdence of Infections with 3 Per Cent Hexachlorophene in pHisoderm® 


Operative No. of Rate of 
Incisions Infections Infections, 


Total .... aeeaenens . errr 1,131 21 1.85 
Clean major operations...... dabkbaunee dese ° 561 5 0.9 


1 


Potentially contaminated major operations..... 283 11 4.0 
Total major operations.......... 6 1.9 


Wound Infections in 561 Major Clean Operations 


Type of 
Infection Operation Culture Comment 
Stitch abscess Herniorrhapby Sterile th Cleared on next 
dressing 
Stitch abscess Hehniorrhaphy Sterile 7th Cleared on next 
and induration dressing 
Stitch abseess Open reduction, Gram-positive t Cleared ont 
and desquama humerus bacilli; Staph dressing 
tion albus 
Partial wound Removal of Smith At operation Healed on 3 
infection Petersen pin, sterile; wound day 
manipulation and infection—Staph 
Insertion ot aureus 
Moore nail 
Very severe; 
drained 14 days 
threatened life 
of patient 


Infected retro Herniorrhaphy Mixed 
peritoneal 
hematoma 
Gross infection rate... 
Corrected infection rate 
Serious infection rate.. 


infection after the removal of a Smith-Petersen pin, manipulation and 
the insertion of a Moore nail, and one was a severely infected hematoma 
in a herniorrhaphy. This last was the sole infection which could be classi 
fied as a serious, unexplained infection in our entire series of 1,131 
wounds. With the omission of the three stitch abscesses, the corrected rate 
of infections in clean operative wounds was 0.36 per cent (table 3) 

In 283 major operative clean, contaminated or potentially contami- 
nated wounds 11 infections were found, an infection rate of 4 per cent 
\ll but 11 were classified as either partial or minor wound infections, 


and all but one cleared rapidly under appropriate therapy. One resulted 
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in a bowel fistula which had to be repaired at a later operation (table 4). 
Only the first five infections listed were believed to have been caused 
by contamination of the skin 


COMMENT 
Chis clinical trial substantiates our earlier evidence ® that a two 
minute anatomic scrub with 3 per cent hexachlorophene in pHisoderm® 
is equal to the routine ten minute soap scrub and is eminently satisfactory 
in the preparation of the skin of the operative site. The surgical staff 


engaged in this present study was alerted to the problem of wound 


. . 
even Infection 3 Potentially Contaminat 


Vajor Operati 


I'ype of 
Infectior Operatior 
Induration and Gastrectomy 
seroma 
Minor infection Skin graft 
(pressure donor site 
necrosis) 


eared wit! 
débridement 


Minor infeetior Skin graft 
(pressure donor site 
necrosis) 


Cleared with 

débridement 
Partial infectior Skin graft 
Partial infection Skit 


eared in 2 days 
graft leared in 4 days 
Partial infeetior Gastroenterostomy 
Partial infectior Gastrectomy for 

stomal uleer 
Partial infection Appendectowy 

(ruptured 
Partial infectior Appendectomy 

(ruptured 
Partial infectior Hemiecolectomy 
Partial infectior lleocolectomy tecurrent rectal 
fistula on Sth 
postoperative 
lay 


* Believed secondary to surf 


healing by the necessity for completing the chart described, the careful 
scrutinization of all results and a definite competitive spirit. The gentle 
handling of tissues, hemostasis, obliteration of dead space, use of delicate 


suture materials and secure dressings are as important factors in wound 


healing as skin asepsis and cannot be disregarded in this study. To quote 


Walter, “the magic of skin disinfection lies in the skill with which it is 


mechanic ally ( leaned ” 


Walter 


1942 
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rhe entire surgical staff has been impressed by the simplicity of the 
technic, the reduction in time consumed and the excellent results. At no 
time has there been evidence of skin reaction in either patients or per- 
sonnel. Despite the reported inactivation of hexachlorophene by serum, 
we have used it in the mechanical cleansing of traumatic wounds prior 
to closure and in the débridement of extensive burns, with resultant 
kindly wound healing, no evidence of tissue trauma and no infection. We 
have advocated its use with the isolation technic in the care of infectious 
diseases, in the preparation of body surfaces prior to the application of 
plaster of paris casts and in the prevention of industrial infections. The 
small amount of water required and its rapidity of action would make its 
use advantageous in military field stations. Bacteriologic “spot checks” 
of the surface flora present under dressings at the time of suture 
removal have been carried out. They substantiate Seastone’s contention 
that there is a prolonged bacteriostatic effect due to surface retention of 
hexachlorophene. However, our studies are too few and too poorly 
controlled to warrant presentation at this time. 


CONCLUSIONS 

1. Clinical trial of 3 per cent hexachlorophene in pHisoderm® for the 
preoperative preparation of the hands of the operating personnel and of 
the operative site over a period of one year has corroborated experi- 
mental evidence and our earlier studies revealing that it is a rapid atrau- 
matic, nonsensitizing disinfectant detergent of wide application which has 
maintained a low rate of postoperative wound infections due to skin 
bacteria. 

2. A two minute scrub with this combination of detergent and anti- 
septic is at least equivalent to the routine 10 minute surgical scrub. 


3. Three per cent hexachlorophene in pHisoderm® can be safely used 


for preparing the operative field, and in elective surgery advantage can 
be taken of its prolonged bacteriostatic effect by a simple preliminary 
four day preparation. 
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HE APPEARANCE of fatty degeneration in the livers of depan- 
creatized dogs is evidence of a metabolic defect presumably related 
to the metabolism and utilization of fats. The utilization of fats for 
energy begins with phosphorylation and transformation to phospho- 


lipids! Therefore, it seemed reasonable to ascertain the rate of 
phospholipid formation in depancreatized dogs maintained on insulin in 
order to clarify the nature of their metabolic defect. 

The content of a recently injected isotope in a large organic com- 
plex, expressed as a function of time, constitutes a measure of the rate 
of synthesis of the large organic complex. In this paper a study of 
phospholipid formation is described in which the incorporation of 
radioactive phosphorus into the molecule is used as an indicator of the 
rate of formation of the phospholipid. Our findings suggest that in 
the absence of the pancreas in the dog phosphorylation of fat is unable 
to proceed at a normal rate regardless of the coincidental presence or 
absence of fatty changes in the liver. 


BACKGROUND 


An encyclopedic review of the literature bearing on this problem 
will not be presented here; some mention of pertinent investigations in 


From the Laboratory for Surgical Research of the Harvard Medical School 
and the Surgical Service of the Peter Bent Brigham Hospital. 

1. Deuel, H. J.; Murray, S.; Hallman, L. F., and Tyler, D. B.: Studies on 
Ketosis: XII. The Effect of Choline on the Ketonuria of Fasting Rats Following 
a High Fat Diet, J. Biol. Chem. 120:277-288, 1937. 
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the past will, however, help to orient the reader in this complicated and 
contreversial field of investigation 

Soon after the discovery of insulin, attempts were made to maintain 
depancreatized dogs for indefinite periods on a normal diet and adequate 
insulin. These dogs characteristically lapsed into a syndrome manifested 
by a loss of fat from the peripheral depots, anorexia, apathy and 
diminished insulin requirement. They usually died within six months 
or a year and at autopsy were found to have fatty changes in the liver 
It appeared that the pancreas was the source of a factor (other than 
insulin) which might protect the animal from these changes; indeed, 
the feeding of fresh pancreas did prevent or cure the deficiency picture 


Best and others * studied the activity of various fractions of the pancreas 


and concluded first that lecithin was the curative factor and later that 
the choline portion of the lecithin molecule was capable of curing the 
syndrome. Subsequently, Dragstedt and others * concentrated an active 
fraction of the pancreas (called “lipocaic” by Dragstedt) which could 
be given orally or parenterally, contained no significant amount of choline 
and was active in quantities smaller than the minimal effective dose of 
choline. Controversy has continued concerning the exact nature of this 
lipotropic factor of the pancreas. Some have felt that it was solely the 
exocrine proteolytic ferments which made the products of protein hydro 
lysis, especially the lipotropic methionine,* available to the organism ; 
others have denied that there was any lipotropic activity in the pancreatic 
juice. This question is not yet settled unequivocally, but it is generally 


2. Best, C. H., and Hershey, J. M Further Observations on the Effects of 
Some Component of Crude Lecithine on Depancreatized Animals, J. Physiol 
7§:49-55, 1932. Fisher, N. F.: Attempts to Maintain the Life of Totally 
Pancreatectomized Dogs Indefinitely by Insulin, Am. J. Physiol. 67:634-643, 1924 

3. Chaikoff, I. L.; Entenman, C., and Montgomery, M. I Che Mechanism of 
Action of the Antifatty Liver Factor ot the Pancreas I. Its Relationship t 
Plasma Choline, J. Biol. Chem. 160:387-395, 1945. Clark, D. E.; Eilert, M. I 
and Dragstedt, L. R.: The Lipotropic Action of Lipocaic, Am. J. Physiol 
148 :620-625, 1943. Dragstedt, L. R.; Van Prohaska, J., and Harms, H. P 
Observations on a Substance in Pancreas (a Fat-Metabolizing Hormone) Whicl 
Permits Survival and Prevents Liver Changes in Pancreatectomized Dogs, ibid 
117:175-181, 1936. Entenman, C.; Chaikoff, I. L., and Montgomery, M. | Phe 
Preparation of Fractions from Pancreas That Prevent Fatty Livers in Depancrea 
tized Dogs Maintained with Insulin, J. Biol. Chem. 155:573-578, 1944 Vai 
Prohaska, ].; Dragstedt, L. R., and Harms, H. P The Relation of Pancreatic 
Juice to the Fatty Infiltration and Degeneration of the Liver in Depancreatized 

Physiol. 117:166-174, 1936 
I Kntenman, C., and Montgomery, M he Mechanism of 
(ction of tl ntifatty Liver Factor of the Pancreas omparison 
Hydrolvzed and nhvdrolvzed Casein in the Prevention o ivers in the 
Completely pancreatized Dog Maintained with Insulin, |. Biol em. 168:177 


181. 1947 





accepted that a fatty liver develops in depancreatized dogs m 


insulin but not given special lipotropic substances 


Che liver of a normal dog may contain between 2 and 8 per cent 
fat in terms of wet weight; 60 to 65 per cent of this fat is normally 
phospholipid, and 43 to 65 per cent of the phospholipids are choline 
containing lecithins. In a dog in which the picture of fatty hepatomegaly 
has developed after pancreatectomy, the fat may amount to 48 per cent 
of the wet weight of the liver; only 2 to 12 per cent of this is phospho 
lipid. The proportion of choline-containing phospholipid is normal. As 
much as 97 per cent of the fat present may be neutral triglyceride 

Che relative, and sometimes absolute, diminution of the amount of 
phospholipid present led to the hypothesis that neutral fat accumulates 
in the liver because it cannot be converted into phospholipid as fast as 
other body mechanisms * mobilize it and bring it to the liver. Phospho 
lipid is described as the first step in the intermediary pathway from 
neutral fat to usable energy 

Several metabolic observations confirm this hypothesis. After the 
administration of lipocaic ‘ or of choline or fresh pancreas,* there is an 
increased glycosuria in depancreatized dogs, which may be explained 
either by the direct metabolism of fat or by an augmented gluconeo 
genesis. Similarly, there has been demonstrated by Thorogood and 
Zimmermann a greater glycosuria in alloxanized dogs than in compat 
able totally depancreatized dogs.* These workers feel that there is 
evidence that the “anti-insulin” hormone of the pancreas may be iden 
tical with Dragstedt’s lipo uic and that the substance in question 


probably produced in the alpha cells of the pancreatic islets 


Che work of Thorogood and Zimmermann® has suggested that 
although totally depancreatized dogs require less insulin than do 
illoxanized dogs they are more prone to ketosis and acidosis. This 
observation was explained by postulating a fat-metabolizing hormone, 


produced bv the alpha cells of the pancreatic islets, which abets the 


5. Chaikoff, I. L., and Entenman, ¢ \ntifatty Liver Factor of the Pancrea 
sent Status, Advances Enzymol. 8:171-202, 1948 


Thorn, G. W Bavles, T B.; Massell, B. F.: Forsham, P. H 


t.. Jr., and Warren, J. B Studies on the Relation of Pituitary-Adrenal 
to Rheumatic Disease, New England |]. Med. 241:529-537, 1949 


7. Dragstedt, R Allen, G.: Julian, O. C., and Stinger, D Lipocai 
Ketonemia in Pancreatic Diz s, Am. J. Physiol. 135:133-136, 1941 

8. Best, C. H Ferguson, G. ¢ and Hershey, ]. M 

in Diabetic Dogs, J. Physiol 79:94-102, 1933; footnote 1 

9. Thorogood, E., and Zimmermann, B The Effects 
Glvycosuria and Ketosis in Dogs Made Diabetic with 


37:191-200, 1945 
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oxidation of fats without the production of ketone as the sole end 
product and which either spares the utilization of glucose or creates 
new glucose and so increases the amount of sugar excreted. 

From this theoretical background we proceeded to the study of 
phospholipid metabolism. Most of the plasma phospholipids originate 
in the liver, which is also responsible for the removal of these phospho- 
lipids from the circulation.*° The plasma phospholipid, therefore, reflects 
the status of the intrahepatic phospholipid metabolism and provides a 
medium which can be readily sampled in the assay of liver phospholipid 
metabolism. 

In accordance with this thesis it has been demonstrated ™“ that the 
“turnover time” of the plasma phospholipid molecule in dogs is not 
altered by the administration of lipotropic substances which do decrease 
the turnover time of the phospholipid molecule in the hepatic cells. The 
administration of these lipotropic substances is attended by the appear- 
ance of an increased proportion of a tracer dose of radioactive phos- 
phorus in the plasma phospholipid fraction. 

Plasma phospholipid turnover times have been found to be normal 
in depancreatized dogs maintained on insulin and supplied the pan- 
creatic factor in the form of fresh pancreas." We have studied 
depancreatized dogs maintained on insulin but deficient in the pan- 
creatic factor. 

METHODS 


The method employed has been the measurement of the specific 


activity (P**:P*! ratio) of the phospholipid phosphorus after the 
injection of radioactive phosphorus by stomach tube. The peak value 
for phospholipid phosphorus specific activity, expressed in relation to 
the inorganic phosphorus specific activity (to give a common basis for 
comparison) in the normal dog, has been contrasted with that of the 
depancreatized dog studied one to five months after pancreatectomy. 


10. Entenman, C.; Chaikoff, I. L., and Zilversmit, D. B.: The Removal of 
Plasma Phospholipides as a Function of the Liver: The Effect of Exclusion of 
the Liver on the Turnover Rate of Plasma Phospholipides as Measured with 
Radioactive Phosphorus, J. Biol. Chem. 166:15-23, i946. 

11. (a) Chaikoff, I. L.; Zilversmit, D. B., and Entenman, C.: Phospholipid 
Metabolism in Diabetes: Turnover Rate of Plasma Phospholipids in Completely 
Depancreatized Dogs, Proc. Soc. Exper. Biol. & Med. 68:6-9, 1948. (b) Friedlander, 
H. D.; Chaikoff, I. L., and Entenman, C.: The Effect of Ingested Choline on the 
Turnover of Plasma Phospholipids, J. Biol. Chem. 158:231-238, 1945. (c) Perlman, 
[., and Chaikoff, I. L.: Radioactive Phosphorus as an Indicator of Phospholipid 
Metabolism: V. On the Mechanism of Action of Choline upon the Liver of the 
Fat-Fed Rat, ibid. 127:211-220, 1939. (d) Zilversmit, D.; Entenman, C.; Fishler, 
M. C., and Chaikoff, I. L.: The Turnover Rate of Phospholipids in the Plasma 
of the Dog as Measured with Radioactive Phosphorus, J. Gen. Physiol. 26:333-340, 
1943. (¢) Chaikoff and Entenman.5 (f) Entenman and others.?° 
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A. Diet and Operation—Mongrel, full grown, female dogs weighing 
from 7 to 20 Kg., maintained on a diet of lean horsemeat, sucrose, 
minerals (Cowgill’s salt **) and vitamins '* without additional lipotropic 
substances such as choline, were employed in this study. Diabetic dogs 
were given protamine zinc insulin once daily on the basis of morning 
urine sugar values. It was usually necessary to maintain the animals 
on regular insulin for a few days following operation until the diabetic 
state was stabilized. 

Pancreatectomy was performed through a right rectus incision under 
intratracheal insufflation with ether or intravenous pentobarbital sodium 
anesthesia. Great care was taken to remove every fragment of tissue 
suspected of being pancreatic at the risk of devitalizing the duodenum. 

One dog (7-49) underwent resection of the duodenum, cholecysto 
jejunostomy and gastrojejunostomy. Several dogs died in the early 
postoperative period from high intestinal obstruction without duodenal 
necrosis. Three dogs were lost with fulminating necrotizing pneumonia, 
and in one dog acute hepatic failure developed more than a month after 
pancreatectomy. All the dogs subjected to pancreatectomy became dia- 
betic and showed typical diabetic glucose tolerance curves. 

For the most part the dogs were satisfactorily maintained on 10 to 
25 units of protamine zinc insulin daily; as fatty changes ensued, how- 
ever, the insulin requirement fell often to five units or less. In four 
cases serial “normal” and “depancreatized” observations were made in 
sequence on the same dogs (table 2). 

B. Liver Samples.—At the initial operation biopsies of the liver were 
taken. Wherever possible, multiple biopsy sites were used in order to 
diminish the error from variations in the degree of fatty changes exist 
ing within portions of the same liver. All animals were subjected to 
autopsy at the conclusion of the experimental period ; multiple liver sites 
were sampled. 

In addition to microscopic examinations, liver specimens were 
analyzed for total fat. Fresh wet samples were weighed and then 
macerated in alcohol-ether and refluxed in a Soxhlet extraction appara- 
tus for eight hours. The solvent was then evaporated, the residue picked 
up in petroleum ether, filtered and transferred into a tared flask. The 


petroleum ether was evaporated and the weight of the fatty residue 


determined. 

Microscopic sections were graded as normal, or from 1 to 4 plus 
with regard to fat content; a good correlation was demonstrated with 
the objectively determined fat content. 

12. Cowgill, G. R.: An Improved Procedure for Metabolism Experiments 


J. Biol. Chem. 56:725-737, 1923. 
13. Supplied by Mead-Johnson & Company. 
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Experimental Procedure.—Radiophosphorus was obtained from 
the Atomic Energy Commission and administered to the dogs, by 
stomach tubes, as isotonic disodium phosphate.‘ A radioactive dose 
of approximately 0.1 mc. per kilogram was used. The total weight of 
administered salt was less than 200 mg. The stomach tube was rinsed 
with isotonic disodium phosphate and tap water. No food or insulin 
was allowed for six hours prior to the administration of the isotope 
Ihe diabetic dogs were kept as closely as possible on their regular 
schedule of diet and insulin and the phosphorus given at such a time 
as to allow minimal interruption of the feeding schedule. Venous blood 
samples were drawn from the femoral or jugular veins into heparinized 
syringes at frequent intervals over a period of roughly 100 hours. 
Detailed delineation of early values was not done for all dogs, because 
of the fact that approximately 10 cc. of blood was required for each 
determination, and many of the depancreatized dogs were not able to 
tolerate the major blood loss associated with a dozen or more samples 
over the course of 100 hours. Determinations were made at such times 
as the maximums were known to occur from the shapes of the curves 
reported in the literature and from some of our own normal dogs 

The dog was then either killed for histologic examination of the 
liver, returned to its cage for further study or, if “normal,” prepared 
for subsequent pancreatectomy and a repeat test with radiophosphorus 
\ minimum of six weeks was maintained between dosages of radio 
active phosphorus. 

D. Physical and Chemical Procedures—The blood drawn was 
promptly centrifuged, the plasma removed and 1.0 ce. portions pre 
cipitated with 9.0 cc. of 10 per cent trichloracetic acid. The supernatant 
fluid was removed for determination of the plasma inorganic phosphorus 
(by the method of Fiske and Subbarow '*). Aliquots of this supernatant 
fluid were placed in porcelain ashing capsules, dried without ashing 
and the radioactivity determined with a Geiger-Muller counter. This 
measured radioactivity was expressed in terms of the radioactivity emit 
ted by standard dishes of uranium oxide. Accuracy and reproducibility 
within 5 per cent were obtainable with the physical measurements 

Che trichloracetic acid precipitate was then worked up for phospho 
lipid according to the method of Friedlander.” The precipitate was 
washed with two 10.0 cc. portions of 10 per cent trichloracetic acid to 
free it of contaminating plasma inorganic ph,sphorus. The residue 
was dissolved in 10 per cent sodium hydroxide. Aliquots of this alkaline 


solution were transferred to digestion tubes and digested until clear with 


14. The Biophysical Laboratories of the Harvard Medical School, under 


Dr A. K. Solomon, processed the radiophosphorus 
15. Fiske, C. H., and Subbarow, Y.: The Colorimetric Determination of 
Phosphorus, |. Biol. Chem. 66:375-400, 1925 
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concentrated perchloric acid. The phosphorus in this digestant was 
then determined. Other alkaline aliquots were transferred to porcelain 
ashing capsules, dried without ashing and the phospholipid radioactivity 
determined as for the inorganic phosphorus 

E. Calculation and Expression of Results-——The concentrations of 
radioactivity and phosphorus in the inorganic and phospholipid fractions 
were expressed as specific activities (“units” of radioactivity per milli 
gram of phosphorus). The amount of radioactive phosphorus in the 
inorganic phosphorus fraction rises abruptly after the administration 


* the tracer dose, reaching a peak in approximately an hour (fig. 1) 


The curve then falls steeply as mixing occurs across vascular boundaries 
ind equilibrium is established with the extracellular fluids. During this 
tune the phosphate excreted by the kidnev has an extremely high 
specific activity The curve then begins to flatten out slightly, and the 
break presumably describes the transfer across the cell membranes into 


the intracellular compartments. The curve then assumes a gradual slope 


which represents the rate at which the organism is losing phosphorus 


ifter the complete mixing has occurred. To provide a common basis for 


comparison, the straight line portion of the curve is extrapolated back 


to zero time, giving a measure of the amount of radioactive phosphorus 


as inorganic phosphate which would have been available to the animal 
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if complete mixing of all the ultimately available phosphorus ‘had 
occurred immediately. This plasma inorganic phosphorus is a pre- 
cursor in the chain of synthesis leading to the formation of the intra- 
hepatic phospholipid. 

The peak phospholipid phosphorus specific activity is then expressed 
as a multiple of the zero time inorganic phosphorus specific activity 











1 
96 
Time (Hours) 
injection 
Fig. 2.—Plasma phospholipid phosphorus specific activity ratio in dog 78 
(normal). 


Time (Hours) 
Injection 
Fig. 3.—Plasma phospholipid phosphorus specific activity ratio in dog 198 
(depancreatized). 


(figs. 2, 3). For example, if an animal showed a zero time inorganic 
phosphorus specific activity of 4.0 units per milligram and a peak 
phospholipid phosphorus specific activity of 100.0 units per milligram, 


the peak phospholipid value is indicated as a “peak specific activity 


ratio” of 25. 
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There was no significant variation of the absolute inorganic phosphate 
levels nor of the inorganic phosphorus specific activities in the normal 
and depancreatized series. 


RESULTS 
The findings are summarized in table 1 and figure 4. Eleven runs 
were performed on 10 normal dogs. A wide variation in the normal 


rasce 1.—Summary of Experimental Data 


Months 
Glucose Liver Fat Content Peak Specific After 
Tolerance Cet vit Pancrea- 
Dog Number Curve Histological Extracted, % Ratios tectomy 
Normal Series 
Normal Normal 
Normal Normal 
Normal Norma! 
Normal Normal 
Normal Normal 
Normal ++ 
Normal Normal 
Normal 
Normal 
Normal 
Normal Norma! eee 42 
Average 87./ 
-pancreatized Series 
189-48 Diabetic ++++ 14.5 
198-48 Diabetic +++, t+++ 9.5, 30.¢ 
213-48 Diabetic Normal 4.4 
217-48 Diabetic Normal 2.2 
15-49 Diabetic 
217-48 Diabetic 
7-49 Diabetic 
15-49 Diabetic 
255-48 Diabetic 
51-49 Diabetic 
S449 Diabetic Normal 
61-49 Diabetic + 
7-49 Diabetic +eit 


Average 43.2 
* Dogs 15-49 and 7-49 were in too delicate metabolic balance to risk a liver biopsy at the 


time of the experiment in question. Data on subsequent biopsies are presented later in 
the table. 


specific activity ratios was soon found to exist; the mean of the peak 


specific activity ratios was 87 for normal dogs, with a standard deviation 
of 45. Thirteen runs were performed on 11 depancreatized dogs. A 
mean peak specific activity ratio of 43 was found in this group, with a 
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standard deviation of 22. Comparison of these two means by standard 
This 


formula '® indicates an index of statistical significance of 2.98 
result in the total group is significant, although there is some overlap. 
It will be noted that some of the animals did not demonstrate fatty 


livers at the time of the phospholipid study one to five months after 


pancreatectomy. There was no significant difference between the specific 


activity ratios of the depancreatized dogs with fatty livers and of those 
without. Those with fatty livers, that is, those with a fat content of 14 
per cent or more or with histological evidence of fatty change as evinced 
by a 3 plus or 4 plus evaluation, did show a mean peak specific activity 
ratio of 36, When this group was compared with the normals, a T value 


of 3.28 was obtained. 


© deponcreatized 
normal 


Time (Hours 
Fig. 4—Plasma phospholipid phosphorus summary of specific activity 


all dogs 


determinations before and after pancreatectomy were per 


\ considerable drop in the peak specific activity 
In the fourth 


Serial 





formed in four dogs. 
ratio was observed in three of the four animals (table 2). 


dog, 


the first postoperative determination was done only 17 days post- 
Metabolic balance was not yet secure, and it is possible 


operatively. 
\ third run 


that stored lipotropic substances may have been present 


X1 and Xg represent the respective means, 
where ny and ng represent the numbers of each series 


and @ Y =d 


that the difference between the means 


\ ratio of 2.5 or higher indicates 
is 2.5 or more times the probable error of the difference 
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performed later showed a depression to 52 per cent of the preoperative 
ictivity, which corresponds roughiy to the depression seen in the other 
three animals 

The aorta was examined microscopically in seven depancreatized 
dogs. Two of these animals had definite macroscopic plaques, which 
microscopically consisted of focal necrosis of the media, with some 
deposition of calcium. Fat stains were not done, but no cholesterol 
lefts were recognized. In two other specimens there were questionable 


small microscopic lesions in the subintimal media 


Dog Numbe 


48 


postpancreateetomy value n terms of 


COMMENT 


The above figures show a difference in the ability of normal and 


depancreatized dogs to incorporate recently ingested P** into plasma 


phospholipid. This defect in fat metabolism is presumably related to 
the absence of the pancreas; whether the pancreatic factor is a true 
metabolic hormone or represents an endogenous substance reabsorbed 
from the pancreatic secretion or whether it is an exogenous food factor 
absorbed through the agency of the pancreatic secretion we have not 
determined. A reasonable supposition is that the pancreatic factor enters 
into the phosphorylation mechanisms of the liver much as a co-factor 
rhe defect is present in depancreatized dogs whether or not a fatty 
liver is present. The development of the fatty liver is probably due t 
other factors in addition, such as dietary intake of fat and the mobiliza 
tion of body fats under pituitary stimulation. It 1s probable that fatty 
livers would have developed in other animals in due time, but we wished 
to carry on our studies before the complete changes had occurred 


This defect represents an abnormality in the conversion of triglv« 


eride to phospholipid to useful energy If this abnormality is respon 
| | | | 


sible for the abnormal deposition of fat in the liver, 1t 1s possible that 


a similar mechanism may be responsible for the deposition of cholesterol 


e 


ind other fats in the blood vessels of depan reatized dogs or in the 
vessels of human diabetic patients. Such a hypothesis deserves further 


xtensive study 


17. Dragstedt, I 
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CONCLUSIONS 

Analysis of the plasma phospholipid specific activity curves in normal 
and depancreatized dogs indicates that the depancreatized animals have 
a depressed ability to synthesize the phospholipid that appears in the 
plasma, which is presumed to be hepatic in origin. This defect occurs 
in depancreatized dogs regardless of the development of a fatty liver. 
The development of the fatty liver is postulated as being related to this 
inability of the phosphorylation mechanisms to handle the neutral tri- 
glyceride brought to it. 
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